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ASSOCIATE ADMINISTRATOR FOR HAZARDOUS MATERIAL SAFETY 
U.S. DEPARTMENT OF TRANSPORTATION 
WASHINGTON, D.C. 20590-0001 

Attention: Exemptions Branch, DHM-3 1 

Application for Exemption (49 CFR 107.105) 

Reauest for Emergency Processing: (49 CFR 107.1 17) 

Applicant: SEXTON CAN COMPANY, INC. 
23 East Street, Suite 301 
Cambridge, M A  02141-1120 
(617) 577-8999 

Redation Affected: 49 CFR 173.304(a), 178.65 
Specification 39 non-reusable (non-refillable) cylinders. -. 
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Hazardous Material Description: (49 CFR 172.101) 
. -  Petroleum gases, liquefied; UN1075, Class 2.1 Flammable Gas 

Propane: UN1978, Class 2.1 Flammable Gas ' i  
- 

- 7? 

Modes of Transportation Authoked: Motor Vehicle, rail freight, cargo vessel, and carg&? 
-- 

. 

c3 : 
--J :- ._  aircraft only. 
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Manufacturhz Facility: SEXTON CAN COMPANY, INC. 
3 10 1 Sexton Road 
Decatur, AL 35603 
(DOT Registration Number M-1119) 
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SUMMARY OF EXEMPTION PROPOSAL 

Sexton Can Company, who currently manufactures an exempt container, DOT-E 
9393 [Oqynal Issue: Jan 16, 1986, Current Issue:(FOURTH REVISION) Feb. 13, 1997, 
and o n g d  suporling data], (see Attachment #l,#lA) for Specitication 39 and Class 2.2 
Non-Flammable Gases, is applying for a new permit duplicating that of DOT-E 9393. The 
pennit application contains new technology where the container has placed into it a 
”reticulated urethane foam” and a Class 2.1 Flammable Gas. We are f h g  for a new 
exemption, rather than an amendment to existing DOT-E 9393, after consultations with 
DOT personnel recommended it would be better to have a separate DOT exemption for 
Flammable Gases, and cause less confusion when containers were so identified. In the last 
10 years there has been over 30 million DOT-E 9393 containers produced, to our 
knowledge without incident in transportation. 

The introduction of the “reticulated urethane foam” into the void of the cylinder 
prevents the gas fiom escaping fiom the cylinder in an explosive manner if the Pressure 
Relief Device (PRD) is activated. This technology brings to the industry a new safety 
standard for professional and non-professional fire fighten when encountering overheated 
aerosol containers in transportation, use, and storage. The foam filled container packed 
with a flammable LPG propane with a vapor pressure of 108 psi-g @70 degrees F 
(21.11C), 256 psi-g @ 130 degrees F (54.44C) is the same pressure range as the DOT-E 
9393 container was designed. The introduction of the “foam” in no way changes the 
operation of the Pressure Relief Device (PRD) at the proper pressure. During the past 6 
years the foam filled containers packed with propane have been tested in 5 series of 
rigorous R&D tests, conducted by KG Packaging (A Division of CCL Industries Tnc.) of 
Ontario, Canada and in 1996 by Underwriters Laboratories of Canada based on U/L 
Standard 1474 section 15, (excerpts enclosed, see Attachment #2) . A short 6 to 7 
minute video showing the actual f i e  testing of the container with propane can be made 
available to the DOT, this vividly demonstrates the action of the foam in regards to venting 
at the pressure relief. Unfortunately there is no voice over on the laboratory made video. 
(This video is considered “confidential“ information by K-G Packaging and it’s inventor.) 

E dowed, 112 hour of your time, the inventor (Mr. Ross) of the ‘Yoam in the can” 
technology, who has some 30 years experience in the aerosols industry particularly with 
flammable gases as a fuel, will come to Waslungton and host the presentation of the video 
and answer any questions that may arise. 
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In brief, a block of “reticulated urethane foam” is inserted into the Sexton DOT-E 
9393 container. When the Propane (LPG) is introduced, it is absorbed (much like water 
into a sponge) into the foam’s cell structure. When the container becomes overheated and 
the PRD opens, the cells of the foam start to slowly and evenly release (in seconds) the 
liquefied gas to the PRD. With the foam in place there is not a mass concentration of gas 
at the PRD to burst out. If there is ignition there is no violent fieball formed and the 
container does not become a projectile. 

In 19% K-G Packaging (A Division of CCL Industries Inc.) of Ontario, Canada 
has received a “Permit for Equivalent Level of Safety”, Permit No.; SU 4310, (see 
Attachment #3) to package LPG (Propane) in Sexton’s DOT-E 9393 container. This 
container may now be used in Canada. The previous mentioned video was requested to be 
seen by Transport Canada before the Canadian permit was issued. In addition the video 
has been shown to the Chemical Specialties Manufacturers Association, National Fire 
Protection association, and Underwriters Laboratories, Inc. with good reviews. 

Sexton is requesting emergency processing due to information we have become 
aware of and the economical consumer use potential. Ha- been informed of the above 
“Permit” and realizing the potential, although not being shipped commercial€y into the 
United States, for these containers to be carried by consumers into the United States. 
Commercially, there is a growing market for a small container (smaller in size, capacity, 
and weight) to carry Propane (LPG). The changing marketplace is looking for an 
alternative to the relatively larger Specification 39 cylinders. Backpackers, Snowmobilers, 
Campers, Hobbyists and others could use a smaller container to use with the growing 
availabdity of Propane-powered appliances. The Sexton Can Company [with the 
assistance and infomation supplied by K-G Packaging], is therefore requesting this 
exemption be granted as soon as diligently possible. 
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Sexton Can proposes the exemption would read exactly the same as current 
DOT-E 9393 with the following changes or additions; 

2. PURPOSE AND LIMITATION: 

This exemption authorizes the mufacture, marking and sale of a 
non-DOT specification cylinder to be used for the transportation in 
commerce of certain Division 2.1 materials. This exemption provides no 
relief from any regulation other than specifically stated here-in. 

5 .  BASIS: This exemption is based on the application of Sexton Can Company dated 
Month xx, Year, submitted in accordance with 49 CFR 107.105. 

6. HAZARDOUS MATERIALS (49 CFR 172.101: 

Hazardous Material Description Hazard Class ldentt6cation 
--proper shipping name /Division Number 

Petroleum gases, liquefied or 2.1 UN1075 
Liquefied Petroleum Gas 

Propane: 2.1 UN1978 

7. PACKAGINGW and SAFETY CONTROL MEASURES: 

“NEW”--> (e) 

178.65-14 
(b) 

Manufacture. * * * 
* * * 
(1) Mechanical joints must have strength equal to 
or greater than the minimum strength of the shell 
material in the finished cylinder. 
The finished cylinder will contain a block of reticulated 

polyurethane foam that approximately fills the inside void 
of the cylinder. (see Attachment #4 [DWG.# RPF-1001) 

MWkingS. * * * 
(1) The cylinder must be marked “DOT-E * * * * *. * * * 
* * DOT-E * * * * * NRC 240/300 M-****. 
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AU sections, other than those noted above, of the original exemption DOT-E 9393 
must be complied with as the current exemption states. 

As stated in the opening paragraph, this exemption has seen over 30 million 
containers manufactured over the 10 years the pennit has been in existence, with no 
reported shipping incidents. As the DOT examines this application and summary, we 
would appreciate being advised, whether we can anticipate the DOT setting aside a time for 
the video presentation. If more information should be required, please contact this office. 

SEXTON CAN COMPANY, INC. 

Vincent Kierstead 
Manufacturing Engineer 

Attachments (#1,1A,2,3,4) 

CC: DOT - Triplicate 
D.B. Ross & Associates 
Sexton, Cambridge - Dan Casey 
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All sections, other than those noted above, of the original exemption DOT-E 9393 
must be complied with as the current exemption states. 

As stated in the opening paragraph, this exemption has seen over 30 million 
containers manufactured over the 10 years the permit has been in existence, with no 
reported shipping incidents. As the DOT examines this application and summary, we 
would appreciate being advised, whether we can anticipate the DOT setting aside a time for 
the video presentation. If more information should be required, please contact this office. 

Manufacturing Engineer 

Attachments (#1,1A,2,3,4) 

CC: DOT - Triplicate 
D.B. Ross & Associates 
Sexton, Cambridge - Dan Casey 
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us. Department 
of T r a n s p w ”  
Research and 
Special Program 
Administration 

1. 

2. 

3. 

4. 

5 .  

6 .  

GRANTEE : 

DOT-E 9393 
(FOURTH REVISION) 

EXPIRATION DATE: January 31, 1999 

do0 Sevenrh SIreeI. S W 
Wash iq ton  D C  20590 

(FOR RENEWAL, SEE 49 CFR 107.109) 

Sexton Can Company, Inc., Cambridge, Massachusetts 

PURPOSE AND LIMITATIONS: 

This exemption authorizes the manufacture, marking and sale 
of a non-DOT specification cylinder to be used for the 
transportation in commerce of certain Division 2.2 
materials. This exemption provides no relief from any 
regulation other than as specifically stated herein. 

REGULATORY SYSTEM AFFECTED: 49 CFR Parts 106, 107 and 171- 
180. 

REGULATIONS FROM WHICH EXEMPTED: 49 CFR Sections 173.304(a) 
and 175.3 in that the use of a non DOT specification package 
is authorized and 178.65 as specified herein. , 

BASIS: This exemption is based on the application of Sexton 
Can Company dated November 25, 1996, submitted in accordance 
with 49 CFR 107.109. 

HAZARDOUS MATERIALS (49 CFR 172.101): 

Hazardous materials deseription 
- -  proper shipping name 

I[ Chlorodifluoromethane, R22 
Mixture of Isobutane, 
Chlorodifluoroethane, and 
Chlorodifluoromethane/ 
Compressed gas, n.0.s. 

Other Division 2.2 gases 
specifically identified to, and 
acknowledged in writing by the 
Office of Hazardous Materials 
Exemptions and Approvals (OHMEA) 
prior to first shipment. 

1 

Hazard 
Class/ 

D ivi 8 ion 

2.2 

2.2 

2.2 

Identi- 
f ication 
Number 

UN1018 
~ 

UN1956 

As 
appropr i 
ate 

Packing 
Group 
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7. PACKAGING(S) and SAFETY CONTROL MEASURES: 

a. PACKAGING - Non-DOT specification steel cylinder 
consisting of a seamless shell with the bottom attached by a 
mechanical seam. 
applicant’s drawing SKE-84-101-A on file with the Office of 
Hizardous Materials Exemptions and Approvals (OHMEA), and in 
conformance with the requirements of a DOT Specification 39 
cylinder (178.65) except as follows: 

178.65-2 

Construction must be in conformance with 

Type, size, service pressure and test pressure. 

have seamless cylindrical body with bottom 
attached by means of a circumferential mechanical 
joint. 

(a) Type: Each cylinder must be made from steel and 

(b) 

(c) 

(d) 

Water capacity may not exceed 32.5 cubic inches. 

Service pressure is 240 psig maximum. 

Test pressure is 300 psig minimum. 

* * * * * 
178.65-6 Manufacture. 

(b) * * * 

(1) 
or greater than the minimum strength of the shell 
material in the finished cylinder. 

Mechanical joints must have strength equal to 

* * * * * 

178.65-7 Wall thickness. 

(a) * * * .  Wall thickness less than 0.0085 inch 
is not authorized. 

* * * * * 

- 
~ ~ . . . .  ~ . .  , - . , .  . . . . . .  - .......- . 

.,. . . .L . ~ .._. -...-. .,... .-, ...-.. . 
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178.65-10 Pressuie relief devices. 

The pressure relief system consists of a localized area 
of the bottom designed to fail at a minimum pressure of 
315 psig and a maximum pressure of 480 psig. One 
cylinder must be taken from the beginning of production 
of each lot and pressurized until the relief system 
functions. If the system fails to function between 315 
and 480 psig the lot represented by the test must be 
re j ected . 

178.65-11 Pressure tests. 

(a) Each cylinder must be tested at an internal 
pressure of at least 300 psig. 

* * * * * 

(b) (2) A failure initiates in a mechanical joint. 

* * * * * 

178.65-14 Markings. 

(b) * * * 

(1) The cylinder must be marked "DOT-E 9393" 
instead of DOT-39. 

* * * * * 

(c) * * , * .  DOT-E 9393 NRC 240/300 M * * * * .  
178.65-15 Inspector's report. 

(b) Add. The report may be modified to accommodate 
t h e  deviations from DOT Specification 39 that are 
authorized herein. 

b. OPERATIONAL CONTROLS: 

(1) 

( 2 )  

Filling density may not exceed 87 percent. 

The cylinder must be shipped in strong outside 
packagings in accordance with 49 CFR 173.301(k). 

- . . . . ..__ . ._ , .. .. _._ . - _, .- . .. .. ., 
~, .,. . ,... - .-- ... , .- ..-. . --.-- T- 
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SPECIAL PROVISIONS: 

a. Offerors for transportation of the hazardous materials 
specified in this exemption may use the packaging described 
in this exemption for the transportation of such hazardous 
materials provided modifications or changes are made to the 
packages, all terms of this exemption are complied with, and 
a copy of the current exemption is maintained at each 
facility from which such offering occurs. 

b. A copy of this exemption, in its current status, must be 
maintained at each manufacturing facility at which this 
packaging is manufactured and must be made available to a 
DOT representative upon request. 

c. 
exemption must be either (1) marked with the name of the 
manufacturer and location (city and state) of the facility 
at which it is manufactured or ( 2 )  marked with a 
registration symbol designated by the Office of Hazardous 
Materials Exemptions and Approvals for a specific 
manufacturing facility. 

d. Shippers using the packaging covered by this exemption 
must comply with all provisions of this exemption, and all 
other applicable requirements contained in 49 CFR Parts 171- 
180. 

MODES OF TRANSPORTATION AUTHORIZED: Motor vehicle, rail 
freight, cargo vessel, and cargo aircraft only. 

MODAL REOUIREMENTS: A copy of this exemption must be 
carried aboard each motor carrier, cargo vessel and aircraft 
used to transport packages covered by this exemption. 

COMPLIANCE: Failure by a person to comply with any of the 
following may result in suspension or revocation of this 
exemption and penalties prescribed by the Federal hazardous 
materials transportation law, 49 U.S.C. Section 5101 et seq: 

0 All terms and conditions prescribed in this exemption 
and the Hazardous Materials Regulations, Parts 171-180. 

Each packaging manufactured under the authority of this 

0 Registration required by 49 CFR 107.601 et seq., when 

No person may use or apply this exemption, including display 
of its number, when the exemption has expired or is 
otherwise no longer in effect. 

applicable. 
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12. REPORTING REOUIREMENTS: The carrier is required to report 
any incident involving loss of packaging contents or 
packaging failure to the Associate Administrator for 
Hazardous Materials Safety (AAHMS) as soon as practicable. 
(49 CFR 171.15 and 171.16 apply to any activity undertaken 
under the authority of this exemption.) In addition, the 
holder(s) of this exemption must also inform the AAHMS, in 
writing of any incidents involving the package and shipments 
made under the terms of this exemption. 

Issued at Washington, D.C. 

.n i ~ /  J)?( ?q!c 
Alan I.. Roberts 

for Hazardous Materials Safety 
: Associate &dministrator 

2 i 3  Y 7  
' (DATE) 

Address all inquiries to: 
Materials 'Safety, Research and Special Programs Administration, 
Department of Transportation, Washington, D.C. 20590. 
Attention: DHM-31. 

The original of this exemption is on file at the above office. 
Photo reproductions and legible reductions of this exemption are 
permitted. 

Associate Administrator for Hazardous 

Any alteration of this exemption is prohibited. 

Dist: USCG, FHWA, FAA,' FRA 

. - .  - . .. . , ... .-,,. .. .  " ..* ... . . ,. , . -  , . . . .-  " /  ~ ,_.;. 



OFFICE OF HAZARDOUS 

BRANCH OFFICES 
OECATUR, A L A a A M A .  MARTINSBURG, WEST VIRGINIA 

September 2 6 ,  1985 

TERLJ-IS REGULATIONS 
U .  S . DEPAR" OF T~STORTATION 
WASXIXGTON, D . C .  20590 

ATTX: ALX-4 I. ROBERTS 
ASSOCIATE DIRECTOR OF HMR 

APPLICATION FOR APPEAL: 49 CFR 107 .121  

REQliEST EXEQTION FXOM: DOT-39 (SECTION 178 .65)  

by 
SZXTON CAN COMPANY, I N C .  

3 1  CBOSS STilEZT 
EVEAXETT, MASSACXUSETTS 02149 

HAZARDOUS FATERIAL: 

HAZARD CTASS : NON-FZAMMABLE GAS 
I.D. NUKBEB : UN 1018 

.. ' ,..... _ .  ..: . '_.. . , I _ _  . . , ... . . .  . . .; - . 1 '  . , . .  . .  . .  . .  



APPEAL OF D E N I A L  (9393-N) 

INTRODUCTION 

Our o r i g i n a l  a p p l i c a t i o n  f o r  an exemption from S p e c i f i c a t i o n  39 f o r  

a c o n t a i n e r  t o  hold less  than  one pound of R e f r i g e r a n t  2 2  w a s  
caused by customer demand. This  appeal  i s  more u rgen t  i n  n a t u r e  be- 
cause i t  i s  our  r e c e n t  understanding t h a t  t h e r e  i s  no  c o n t a i n e r  

c u r r e n t l y  a v a i l a b l e  f o r  purchase t h a t  i s  designed t o  ho ld  less than  
one pound of R e f r i g e r a n t  22  and pass  S p e c i f i c a t i o n  39 requirements .  
Meanwhile, a market f o r  such a con ta ine r  has been i n  e x i s t e n c e  and 
s lowly growing f o r  over  twenty yea r s  us ing  c o n t a i n e r s  spasmodically 

i n  compliance wi th  ear l ie r  ICC'  and l a t e r  DOT r e g u l a t i o n s .  Now with- 
c u t  a safe sanc t ioned  S p e c i f i c a t i o n  39 c o n t a i n e r ,  and wi th  r e g u l a t i o n  
enforcement ,  t h i s  market .and the many i n h e r e n t  b e n e f i t s  t o  
manufac turers  and consumers a l i k e  w i l l  d ry  up and d isappear .  

DESCRIPTION OF PROPOSED CONTAINER 

W e  have modif ied t h e  des ign  of our  proposed c o n t a i n e r  (see E x h i b i t  A )  

t o  comply wi th  a l l  r equ i r ed  S p e c i f i c a t i o n  39 s t anda rds  wi th  one ex- 
cep t ion :  ou r  proposed c o n t a i n e r  has  a mechanical double seam t h a t  
j o i n s  t h e  bottom onto  an otherwise seamless c o n t a i n e r ;  whereas 

S p e c i f i c a t i o n  39, Sec t ion  178.65-2 (a) ca l l s  f o r  "seamless, welded 
o r  b razed  c o n s t r u c t i o n .  I' .. 

While w e  admit t h i s - l o n e  except ion  between ou r  proposa l  and S p e c i f i -  
c a t i o n  39, Sec t ion  178.65-2(a) ,  t e s t  r e s u l t s  and suppor t ing  d a t a ,  
show o u r  mechanical seam t o  be equ iva len t  i n  s t r e n g t h  and perfprmance 
t o  t h e  welded j o i n t  s p e c i f i e d  i n  S p e c i f i c a t i o n  3 9 ,  Sec t ion  178.65-6(b) 
(7). Our mechanical seam has s t r e n g t h  equa l  t o  o r  g r e a t e r  than  t h e  
p a r e n t  metal. 

F u r t h e r  t e s t  r e s u l t s  suppor t  our  conten t ion  t h a t  ou r  proposed con- 

t a i n e r  p a s s e s  a l l  o t h e r  S p e c i f i c a t i o n  39 requirements .  

. . ;. , . . . .  
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TEST RESULTS 

SPECIFICATION 3 9 ,  SECTION 178.65-2 ( a )  , "TYPE" AND SECTION 

178.65-6(b) ( 7 )  MANUFACTURE 

Sec t ion  2 ( a )  s a n c t i o n s  a welded c o n t a i n e r  whi le  paragraph 6 ( b )  ( 7 )  

s t a t e s  t h a t  "welded j o i n t s  m u s t  have s t r e n g t h  equa l  t o  o r  g r e a t e r  - 

t han  t h e  minimum s t r e n g t h  of t h e  s h e l l  m a t e r i a l  i n  t h e  f i n i s h e d  

c y l i n d e r . "  T e s t s  performed on our  redesigned c o n t a i n e r  show t h a t  

o u r  mechanical j o i n t ,  o r  seam, t h a t  j o i n s  t h e  bottom t o  t h e  seam- 
less s h e l l  has  s t r e n g t h  equal  o r  g r e a t e r  than  t h e  minimum s t r e n g t h  
of t h e  s h e l l  mater ia l  i n  t h e  f i n i s h e d  c y l i n d e r  (See E x h i b i t  B ) .  

SPECIFICATION 3 9 ,  SECTION 178.65-7 WALL THICKNESS 

For d a t a  t h a t  shows f u l l  compliance wi th  w a l l  t h i c k n e s s  s p e c i f i c a -  

t i o n s ,  see E x h i b i t  C. 

SECTION 178.65-10 SAFETY DEVICES 

This  s e c t i o n  r e f e r s  t o  s e c t i o n  173-34(d) which r e q u i r e s  compliance 
wi th  Compressed Gas Associa t ion  (CGA) Pamphlet S 1 . l .  

D )  

(See Exh ib i t  

W e  have s a t i s f a c t o r i l y  performed t h e  tes ts  on our  P r e s s u r e  Re l i e f  
Device (PRD) r equ i r ed  by CGA Pamphlet S 1 . l  i n c l u d i n g  t h e  Flow 

Capaci ty  T e s t ,  
F u r t h e r ,  w e  have e s t a b l i s h e d  t h a t  our  p r e s s u r e  r e l i e f  device  
f u n c t i o n s  i n  t h e  r e q u i r e d  p res su re  range,  

(see E x h i b i t E ) ,  and t h e  F i r e  T e s t ,  (see E x h i b i t  F ) .  

(see E x h i b i t  G ) .  

W e  i n t e n d  t o  u t i l i z e  a l l  product ion c o n t r o l s ,  sample t e s t i n g  and 
o t h e r  requirements  of CGA Pamphlet S 1 . l  and t o  m e e t  o r  exceed t h e s e  
requi rements .  

. .  
SPECIFICATION 39, 178.65-1'1 (B) 1 and (b )  3 PRESSURE TESTS 

Paragraph (b )  (1) ca l l s  f o r  a c o n t a i n e r  t o  wi ths t and  t w i c e  t h e  t e s t  
p r e s s u r e  of  R e f r i g e r a n t  2 2 .  Paragraph ( b )  ( 3 )  l i m i t s  c o n t a i n e r  

f a i l u r e  t o  t h e  s idewa l l .  
requi rements  (see E x h i b i t s  B and C ) .  

Our proposed c o n t a i n e r  pas ses  both t h e s e  

- . _ _ .  ... . .  .. . . .  
. .  . .  . . . .  . .. 

_ .  . . .'._, ..I 
I. . 



SPkCIFICATION 39, 178.65-12 FLATTENING TEST 

W e  have f l a t t e n e d  ou r  c o n t a i n e r  t o  below t h e  s i x  t i m e s  w a l l  t h i ck -  

nes s  r e q u i r e d  by t h e  F l a t t e n i n g  T e s t .  I n  r e a l i t y ,  w e  have crushed 
over  200  u n i t s  of o u r  redes igned  c o n t a i n e r  t o  ze ro  c l e a r a n c e  wi th  

no r e s u l t i n g  c r a c k s  o r  f r a c t u r e s .  
c r a c k  o r  f r a c t u r e  c r u s h  t e s t i n g  o u r  new c o n t a i n e r ,  

W e  have neve r  exper ienced  a 
(See E x h i b i t  H ) .  

SPECIFICATION 39 .178.65-3,4,5,9,13,14,15 

All t h e s e  s e c t i o n s  w i l l  be complied w i t h ,  a long  
qui rements  of  S p e c i f i c a t i o n  39. 

CONCLUSION 

wi th  

I n  summary, w e  are proposing,  on appea l ,  a c o n t a i n e r  

a l l  

t h a t  
t i a l l y  e q u i v a l e n t  t o  a S p e c i f i c a t i o n  39 c y l i n d e r .  W e  ask  
exemption t o  manufacture t h i s  c o n t a i n e r  w i t h  a 
performs as w e l l  as t h e  welded j o i n t  s p e c i f i e d  
(b )  ( 7 )  and i s  e q u i v a l e n t  wi thout  excep t ion  t o  
S p e c i f i c a t i o n  39 requirements .  

mechanical 

i n  S e c t i o n  
a l l  o t h e r  

SEXTON CAN COMPANY, I N C .  

Vincent  K ie r s t ead  
Q.C./Products Engineer  
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Enclosures  

Dther re- 
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essen-  

seam t h a t  
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EXHIBIT B 
DESCRIPTION OF TESTS 

HYDROSTATIC BURST 

Three cans which d i d  not contain the pressure r e l i e f  device 

were se lec ted  f o r  subjection t o  Hydrostatic Pressure u n t i l  f a i l u r e .  

PZTEST UNITS ILLUSTRATION #2 ' POST TEST UNITS ILLUSTMTION #3 

Obtained pressure levels  and corresponding f a i l u r e  modes 

were as follows: 

TEST NUMBER 

TPLA 
TP2A 
'TP 3A 

ACXIEVED PRESSURE 

690 PSIG 
740 PSIG 
325 PSIG 

FAILURE MODE 

LONGITUDINAL 
CRACK I N  SIDEQALL 
FOR ALL THREE ITENS 

. .  . .  . . _  . . .  ~ . . .  _ _  . ~ . .  . -. 
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EXHIBIT C 
STRESS EVALUATION 

Using the formula as noted in section 178.65-7(b) and dimensions 
as shown in Exhibit A, stresses were determined at various 
pressure and strength levels. 

Calculated values were as follows: 

REFRIGERANT 22 

PRESSURES 
240 PSI (Services) 
300 PSI (Min.Test) 
600 PSI (Min.Burst) 
STRENGTH" (STRESS) 

STRESS 
31062 PSI 
38828 PSI 
77655 PSI 
PRESSURE LEVEL 

AVG. 111500 PSI (Yield) 860 PSI 
AVG. 113500 PSI (U.T.S.) 875 PSI 

As the calculated wall stress at the minimum prescribed test pressure 
of 300 PSI does not exceed the yield strength of the material, 
compliance with Section 178.65-7(a) requirements is demonstrated. 

Stress calculated using the minimum burst pressure of 600 PSI and 
the pressure calculated using the ultimate strength of the material, 
show that attainment of the required burst pressure is assured. 

'*MECHANICAL PROPERTIES 

In order to determine the mechanical properties of the can material 
(for stress evaluation purposes), 6 test specimens were prepared 
from the side wall section of 4 charged units. 
of samples ranged from .0086 to .0092 inches thick. 
Noted strength were as follows: 
SPECIMENS AREA OF SPECIMEN YIELD STRENGTH ULTIMATE STRENGTH 
Average 2 Axial Stress 
of 5 .0045 inch 111,500 PSI 113,500 PSI 
Samples Circumfrential 

The wall thickness 

Stress 
107,300 PSI 

*Tests performed by: Manlabs 
21 Erie Street 
Cambridge, MA. 02139 

. - _ - .  . . I  
. . . -. . .. . ... . 
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PLEASE NOTE: 
The information contained in this document was obtained from sources believed to be reliable 

and is based on technical information and experience currently available from members of the 
Compressed Gas Association, Inc. and others. However, the Association or its members, jointly 
or severally, make no guarantee of the results and assume no liability or responsibility in connec- 
tion with the information or suggestions herein contained. Moreover, i t  should not be assumed that 
every acceptable commodity grade, test or safety procedure or  method, precaution, equipment or 
detice is contained within, or that abnormal or  unusual circumstances may not warrant o r  suggest 
further requirements or  additional procedure. 

This document is subject to periodic reviem and users are cautioned to obtain the latest 
edition. Comments and suggestions are invited from all users for consideration by the Association 
in connection with such review: any such comments or  suggestions will be fully reviewed by the 
Association after giving the party, upon request, a reasonable opportunity to be heard. 

This document should not be confused with federal, state or municipal specifications or 
regulations, insurance requirements or national safety codes. While the Association recommends 
reference to or  use of this document by government agencies and others, this document is pureIy 
voluntary and not binding. 
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1. INTRODUCTION 
This Standard represents the minimum re- 

quirements for pressure relief devices con- 
sidered to be appropriate and adequate for use 
on cylinders having capacities of 1000 pounds 
of water, or less and DOT3LX, 3 U X ,  and 3T 
cylinders having capacities over 1000 pounds of 
water and which comply with the specifications 
and charging and maintenance regulations of 
the Department of Transportation (DOT) or 
the corresponding specifications and regula- 
tions of the Canadian Transport Commission 
(CTC) . 

It is recognized that there are cylinders that  
conform to the specification requirements of 
the DOT or the CTC, which are used in 
services beyond the jurisdiction of either of 
these authorities. In such cases it is recom- 
mended that state, provincial, locaI or other 
authorities having jurisdiction over these cylin- 
ders be guided by this Standard in determining 
adequate’ pressure relief device requirements, 
provided that the cylinders are charged and 
maintained in accordance with DOT or CTC 
Regulations. 

It is further recognized that there may be 
cylinders which are used in services beyond 
the jurisdiction of the DOT or  CTC and which 
do not conform to the specification requi re  
ments of either authority. It is recommended 
that the authorities having jurisdiction over 
such cylinders be guided by this Standard in 
determining pressure relief device requirements, 
provided that such cylinders are considered by 
the authority as having a construction at least 
equal to  the equivalent DOT specification r e  
quirements and further provided that the 
cylinder shall be charged and maintained in 
accordance with DOT or CTC requirements. 

For cylinders that come within the jurisdic- 
tion of state and local regulatory authorities, 
the user should check for compliance with dl 
local regulations. A number of states and cities 
have pressure vessel lams and regulations 
which include requirements for pressure relief 
devices. This Standard has been prepared spe- 
cifically for  compressed gas cylinders and the 
pressure relief devices may not be acceptable 
unless special permission is obtained from the 
authority having jurisdiction. 

For  newly constructed cylinders that  come 
within the jurisdiction of the DOT or CTC, 
pressure relief devices must comply with. re- 
quirements of this standard. This issue of the 
Standard (1979) is based on minimizing and 

. .  
optimizing the number of type; of approved 
pressure relief devices for  a& specific W- 
It does not prejudice the continued use of Pr* 
vlously approved and installed devices. If a 
pressure relief device is replaced, the new 
device shall meet the requirements of these 
standards. 

Pressure Relief Device Standards for  Cargo 
and Portable Tanks fo r  Compressed Gases are 
covered in CGA Pamphlet S-1.2 and Com- 
pressed Gas Storage Containers are covered in 
CGA Pamphlet S-1.3. 

.- 

2. DEFTNR’IONS 

ing terms are  defined. 
For the purpose of this Standard the follow- 

2.1 A “Pressure Relief Device” is a device 
designed to prevent rupture of a normally 
charged cylinder when it is placed in a f i e  as 
required by section 173.34(d) of the DOT 
Regulations or paragraph 73.34 (d) of the CTC 
Regulations. The term “pressure relief device” 
is synonymous with “safety relief device” as 
used by DOT and CTC Regulations. 

2.2 An “Approach Channel” is the passage or  
passages through which fluid must pass from 
the cylinder to reach the operating parts of 
the pressure relief device. 

2.3 A “Discharge Channel” is the passage o r  
passages beyond the operating parts of the 
pressure relief device through which fluid must 
pass to  reach the atmosphere. 

2.4 . A  “Rupture Disk Device” is a non-reclosing 
pressure relief device actuated by inlet static 
pressure and designed to function by the burst- 
ing of a pressure containing disk. 

2.4.1 A “Rupture Disk” is the-operating part  
of a pressure relief device which, when in- 
stalled in the device, is designed to burst at a 
predetermined pressure to permit the discharge 
of fluid. (Such disks, usually metal, are gener- 
ally of Aat, preformed, reinforced, or grooved 
types. ) 

2.4.2 The “Pressure Opening” is the orifice 
against which the rupture disk functions. 

2.4.3 The “Rated Burst Pressure” of a NP- 
ture disk is the pressure for which the disk is 
designed to rupture when in contact with the 
pressure opening for which it was designed 
when tested as required in 6.3. 



I 

C O M ? l S S S X D  C A S  A S S O C I A T I O H ,  I H C .  Pamphlet S-1.1 
Page 5 

2.5 A “Fusible Plug Device” is a non-reclosing 
pressure relief device designed to function by 
the yielding o r  melting of a plug of suitable 
melting temperature material. 

2.6 The “Yield Temperature” of a fusible plug 
is the temperature a t  which the fusible material 
becomes sufficiently soft to e-utrude from its 
holder to permit the discharge of fluid when 
tested in accordance with 62.  

27 A “Combination Rupture Disk-Fusible 
Plug” is a rupture disk in combination with a 
low temperature melting material intended to 
prevent its bursting at  its predetermined burst- 
ing pressure unless the temperature also is 
high enough to cause yielding or melting of the 
fusible material. 

2.8 A “Pressure Relief Valve” is a pressure 
relief device which is designed to re-close and 
prevent further flow of fluid after normal 
conditions have been restored. 

2.9 X “Pressure Control Valve” as used on a 
cryogenic cylinder vents only to maintain the 
proper working pressure of the cylinder. 

2.10 The “Set Pressure” of a pressure relief 
valve is the pressure marked on the valve and 
at which it is set to start-tc-discharge. (See 
4.3.2). 

2.11 The “Start-to-Discharge Pressure” of a 
pressure relief valve is the pressure a t  which 
the first bubble appears through a mater seal 
of not over 4 inches water column on the outlet 
of the pressure relief valve. (See 6.3) 

2.12 The “Flow Capacity” of a pressure relief 
device is the capacity in cubic feet per minute 
of free a i r  discharged at  the required. flow 
rating pressure. 

2.13 “Flow Rating Pressure” is the inIet static 
pressure at  which the relieving capacity of a 
pressure relief device is measured for rating 
purposes. 

2.14 A “Non-Liquefied Compressed Gas” is a 
gas, other than a gas in solution, which under 
the charging pressure is entirely gaseous a t  
a temperature of 70 F. 

\ 

215 A “Liquefied Compressed Gas” is a gas 
which, under the charged pressure,..is partially 
liquid at a temperature of 70 F. 

2.16. A “Compressed Gas in Solution” (Acety- 
lene) is a non-liquefied compressed gas which 
is dissolved in a solvent. 

2.17 A “Cryopenic Liauid” is considered to be 
a liquid with- a normal boiling point below 
(-238 F). 

2.18 “Cylinders” refers to Specifications for 
Cylinders constructed under Sub part  C of 
Part 178 of the DOT Regulations and similar 
cylinder specifications of the CTC Regulations. 

2.19 The “Test Pressure of the Cylinder” is 
the minimum pressure at which it must be 
tested as prescribed in the specifications for 
compressed gas cylinders by the DOT or CTC. 

2.20 “Free Air” or  “Free Gas” is air or gas 
measured a t  a pressure of 14.7 pounds per 
square inch absolute and a temperature of 60 F. 

2.21 “DOT Regulations” refers to the Depart- 
ment of Transportation Regulations for the 
Transportation of Hazardous JlIateriaIs under 
Code of Federal Regulations, Title 49, Parts 
100 to 199. 

2.22 “CTC Regulations” refers to regulations 
of the Canadian Transport Commission “Regu- 
lations for the Transportation of Dangerous 
Commodities by Rail.” 

3. TYPES OF PRESSURE RELIEF DEVICES 
Types of pressure relief devices are desig- 

nated as follows : -- - . 

3.1 TYPE dGl: Rupture disk. 

3.2 TYPE C G 2 :  Fusible plug utilizing a fus- 
ible alloy with yield temperature not over 
170 F, nor less than 157 F (165 F nominal.) 

3.3 TYPE CG3: Fusible plug utilizing a fus- 
ible alloy with yield temperature not over 
220 F, nor less than 208 F (212 F nominal.) 

3.4 TYPE C E 1 :  Combination rupture disk- 
fusible plug, utilizing a fusible alloy with yield 
temperature not over 170 F, nor less than 157 F 
(163 F nominal). 

3.5 TYPE CG5: Combination rupture disk- 
fusible plug, utilizing a fusible alloy with yield 
temperature not over 2 0  F, nor less than 208 F 
(212 F nominal). 

3.6 TYPE C G 7 :  Pressure relief valve. 

- .  . . -. . . ... . . . . . 
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4. APPLICATION REQUIREMENTS FOR 

4.1 General 

PRESSURE RELIEF DEVICES 

, 
4.1.1 Each cylinder charged with compressed 

gas, unless excepted in 4.1.1.1 must be equipped 
with one o r  more pressure relief devices com- 
plying with this Standard. Cylinders that are  
found to be equipped with leaking or faulty 
pressure relief devices shall have the contents 
of the cylinder removed, and the pressure 
relief device corrected. Leak tests shall be made 
prior to shipment. 

4.1.1.1 Exceptions to the requirement for  
a pressure relief device on cylinders apply to 
Class A Poison, (gases or liquids), or other 
gases designated by the DOT or CTC for ship- 
ment without pressure relief devices, - 

41.2 The design, material and location of 
pressure relief devices shall be suitable for the 
intended service. Consideration shall be given 
in the design and application of pressure relief 
devices to the effect of the resultant thrust 
when the device functions. 

4.1.3 When pressure relief devices are re- 
quired at both ends of a cylinder, each end shall 
have the required flow capacity. 

4.1.4 When cylinders are not required to be 
equipped with pressure relief devices a t  both 
ends, the flow capacity of the individual devices 
may be combined to meet the minimum total 
flow capacity requirement. This provision is 
limited to  C G 1  and CG-7 pressure relief device. 

4.2 Rupture Disk Device 

4.2.1 When a rupture disk device is used as 
a pressure relief device on a compressed gas 
cylinder, the rated bursting pressure of the 
disk (when tested within the temperature 
range of 60 F to  160 F in accordance with 
Section 6.3) shall not exceed the minimum 
required test pressure of the cylinder with 
which the disk is used, except as follows: 

4.2.1.1 For DOT-3E or CTCSE cylinders 
the rated bursting pressure of the disk shall 
not exceed 4500.pounds per square inch gage 
( PSk) - 

4.2.1.2 For DOT39 cylinders the burst 
pressure of the disk shall not exceed 80% of 
the minimum cylinder burst pressure and shall 
not be less than 105% of the cylinder test 
pressure. 

4.3 Pressure Relief Vdv- 
4.3.1 The flow rating pressure shall not 

exceed the minimum required test pressure of 
the cylinder on which the pressure reiief valve 
is installed, and the reseating pressure shall 
not be less than the pressure in a normally 
charged cylinder a t  130 F. The flow rating 
pressure for pressure relief valves for DOT39 
cylinders shall not exceed 80% of the minimum dao$: 
required cylinder burst pressure. Pressure 
relief valves for DOT-39 cylinders are not 
required to reseat. 

4.3.1.1 A pressure relief valve may in- 
corporate a fusible element to relieve the total 
contents at a predetermined temperature. The 
minimum required flow capacity shall be satis- 
fied by the pressure relief valve. 

4.32 The set  pressure shall not be less than 
'75% nor more than 100% of the minimum 
required test pressure of the cylinder on which 
the pressure relief valve is installed. For lique- 
fied gases, pressure relief valve settings author- 
ized for low pressure cylinders for a particular 
gas shall be used on high pressure (over 500 
psi service pressure) cylinders for the same 
gas. For DOT-39 cylinders, the set pressure 
shall not exceed 807. of the minimum cylinder 
burst pressure and not less than 10570 of the 
cylinder test pressure. 

A i  Piping of Pressure ReIief Devices 
4.4.1 When fittings and piping are used on 

either the upstream or downstream side or 
both sides of a pressure relief device or devices, 
the fittings and piping shall be so designed that 
the flow capacity of the pressure relief device 
shall not be reduced below the capacity re- 
quired for the cylinder on which the pressure 
relief device assembly is installed, nor to the 
extent that the operation of the device could 
be impaired. Fittings, piping and method of 
attachment shall be designed to withstand 
normal handling and the pressures developed 
when the device or devices function. 

4.4.2 A shut-off valve shall not be installed 
between the pressure relief devices and the 
cylinder nor after the pressure relief devices. 

5. DESIGN AND CONSTRUCTION 
REQUIRLMENTS FOR PRESSURE 
RELIEF DEVICES 

5.1 The design and material of pressure relief 
devices shall be suitable for the intended 
service. In the design and application of pres- 
sure relief devices consideration shall be given 

..... 
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to the effect of the resultant thrust when the 
device functions. 

5.2 The material, design and construction of 
a pressure relief device shall be such that there 
will be no significant change in the functioning 
of the device and no serious corrosion or 
deterioration of the materials within the period 
between renewals. 

5.3 In combination rupture disk-fusible plug 
devices, the fusible metal shall be on the dis- 
charge side of the rupture disk. The fusible 
metal shall not be used in lieu of a gasket to 
seal the disk against leakage around the edges. 
Gaskets, if used, shall be of a material that will 
not deteriorate rapidly a t  the maximum tem- 
perature range specified for the fusible metal. 

5.4 The fl ow capacity of each design and modi- 
fication thereof of all types of pressure relief 
devices shail be determined by actual flow tests. 
Xerhods of conducting flow tests are given 
in 6.6. . 

5.5 For non-insulated cylinders for non-lique- 
fied gas, the minimum required flow capacity 
of pressure relief devices, except pressure relief 
valves, shall be calculated using the following 
formula: (For  pressure relief valves refer to 
5.7 and 5.8). 

Qa = 0.154Wc 
Qa = flow capacity at  100 psia test pressure 

in cubic feet per minute of free air. 
Wc = water capacity of the cylinder in pounds 

but not less than 25 pounds 
NOTE: The above formula e-qresses flow capacity re- 
quirements equal t o  70% of that which will discharge 
through a perfect oridce having a 0.00012 square inch 
area for  each pound of water capacity of the cylinder. 

5.6 For non-insulated cylinders for liquefied 
gas, the minimum required flow capacity of 
pressure relief devices, except pressure relief 
valves, shail be two times that required by the 
above formula in 5.5. (For pressure relief 
valves refer to 5.7 and 5.8). 

5.7 For non-insulated cylinders for non-lique- 
fied gas, the minimum required flow capacity 
of pressure relief valves shall be calculated 
using the following formuia: 

Qa = 0.00154PWc 
Qa = flow capacity in cubic feet per minute 

of free air  = r 3 ~ 4 ~  C f H  
@ a;'! 

-P = flow rating pressure in pounds per 
square inch absolute 

Wc = water capacity of the cylinder in 
pounds, but not less than 12.5 pounds. 

5.8 For non-insulated cylinders for liquefied 
gas, the minimum required flow capacity of 
pressure relief valves shall be two times that 
required by the formula in 5.7. 

5.9 For Specification DOTAL insulated cylin- 
ders containing cryogenic liquids listed in 
Table 3, the following requirements apply: 

5.9.1 If all materials comprising a repre- 
sentative sample of the insulation system re- 
main completely in place when subjected to. 
1200 F, the U value shall be as defined below 
and.the minimum required flow capacity of the 
pressure relief device (s) shall be calculated 
using the following formula: 

&a = GI U A0J* 
where 
U = total thermal conductance of cylinder 

insulating material B W h r  ft* F 
when saturated with gaseous lading o r  
a i r  at  atmospheric pressure, which- 
ever is greater. Value of U is deter- 
mined at  100 F except when 3.9.2 (b) 
and (c) apply. (Total Thermal Con- 
ductance = Thermal Conductivity in 
Btu/hr ft* F/in. divided by insulation 
thickness in inches). 

A = total outside surface area of the cy@- 
der in $quare feet. 

Q, = flow capacity in cubic feet per minute 
of free air a t  the rated burst pressure 
of the rupture disk. 

G, = gas factor for insulated containers 
obtained from Table 6 for the gas 
involved. 

5.9.2 If any material comprising a r e p r e  
sentative sample of the insulation system 
deteriorates or only remains partly in place 
when subjected to 1200 F, one of the following 
procedures shall be used to determine the 
minimum flow capacity requirement of the 
pressure relief device (s) : 

a) Use the formula for uninsulated cylinders. 
Qa = G, AO-8' 

Qa and A are as defined in 5.9.1 
Gu = Gas Factor for uninsulated con- 

tainers obtained from Table 6 for 
the gas involved. 
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b) Determine the total thermal conductance 
(U) for a representative sample of the 
insulation system with a 1200 F external 
test environment. This value of U shall 
then be used in the formula in 5.9.1 to 
determine the minimum required flow 
capacity of the pressure relief device (SI. 
The value of U shall be determined with 
the insulation saturated with gaseous 
lading or air a t  atmospheric pressure, 
whichever provides the greater thermal 
conductance. 

c) If the insulation system is equipped 
with a jacket that remains in place dur- 
ing fire conditions, the thermal conduc- 
tance U shall be determined with no 
insulation and a 1200 F e-xternal test 
environment. The Value of U shall be 
determined with gaseous lading or air  a t  
atmospheric pressure in the space be- 
tween the jacket and cylinder, whichever 
provides the greater thermal conductance. 
This value of U shall then be used in the 
formula in 3.9.1 to  determine the mini- 
mum required flow capacity .of the pres- 
sure relief device (s) . 

d)  An alternative procedure may be used to 
qualify a composite insulation, which 
when applied would consist of layers of 
several different insulations over the 
entire cylinder, by e-xposing a sample of 
the composite insulation t o  a temperature 
of 1600 F for 30 minutes and to  use only 
the layer(s) of the insulation which is 
unaffected in determining the value of U 
to be used in the formula in 5.9.1 to calcu- 
late the minimum required flow capacity 
of the pressure relief device (s) . Such 
high temperature insulation must be kept 
in place by a solid o r  mesh retainer (as  
required by the insulation) which will 
remain serviceable a t  1600 F. 

e) Perform a fire test* on a full-scale cylin- 
der, the results of which demonstrate that 
the pressure relief devices are capable 
of preventing rupture of the normally 
charged cylinder. 

5.9.3 For Specification DOT-4L cyIinders a 
pressure control valve shall be provided and 
sized to  provide adequate venting capacity With 
the insulation saturated with gaseous lading 
or  air at atmospheric pressure, whichever pro- 
vides the greater thermal conductance, as 
determined by: 

*See reference 7 for details on apparatus and p d u m  
for Fire Testing of CylinderISafety Device Systems. 

Qa = 

Where : 
U = total thermal conductance Btu/hr ft* F ,  

is determined at the average tem- 
perature of the insulation (Alterna- 
tively the value of U a t  100 F may be 
used). 

Qa = t h e  flow capacity in cubic feet per 
minute of free air at a flow rating 
pressure of 12070 of the set pressure 
of the Pressure Control Valve. 

A = the total outside surface area of the 
cylinder in square feet. 

t = tempertaure in degrees F (Fahren- 
heit) of gas at pressure at flowing 
conditions. 

Gi = gas factor for  insulated containers 
obtained from Table 6 for the gas 
involved. 

The pressure control valve shall have a set 
pressure not to exceed 1-1/4 times the marked 
service pressure of the DOTAL cylinder, less 
15 psi if vacuum insulation is used. 

5.10 For acetylene cylinders, a fire test shall 
be used in determining pressure relief device 
requirements (see Note F, Table 3). 

6. TESTS 
6.1 Test of Fusible Alloy 
6.1.1 To determine the yield temperature, 

the following test on the alloy shall be con- 
ducted : 

6.1.1.1 Select at random two sticks of the 
fusible alloy from each batch (heat). 

6.1.1.2 A sample for test shall consist of 
a piece 2” long by approximately 1/4” diameter 
cut from each stick. Each sample shall be 
placed horizontally on suitable supports spaced 
1“ apart and presenting knife edges to the 
sample so that the ends of the sample will over- 
hang the knife edges 1/2“. The supported 
samples shall be immersed in a glycerine bath 
not cioser than 1/4” to the bottom of the 
container. 

6.1.1.3 Two samples from the Same stick 
shall be tested at one time. A temperature 
measuring device shall be inserted into the 
bath between and closely adjacent to the sam- 
ples so that the sensor will be completely 
immersed at the same level as the samples. 
The bath temperature shall be raised at a 
rate not in excess of 5 F per minute. 

(130-t) Gi U A 
4 (1200-t) 

0 

c 

_ _  

t 
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6.1.1.4 The yield temperature shall be 
taken as that  temperature a t  which the second 
of the four ends of the sample loses its rigidity 
and drops. 

6.2 Testa of Xew or Reeonditioned 
FusibIe Plugs 

6.2.1 'Two representative samples shall be 
selected at random from each lot and subjected 
to  the tests prescribed in 6.2.2 and 6.2.3. If 
both samples should fail to meet the require- 
ments of 6.2.2 and 6.2.3 the lot shall be rejected. 
If one sample fails to meet the requirements of 
6.22 and 6.2.3, four additional samples may be 
selected a t  random from the same lo$and sub- 
jected to these tests. If any of these four addi- 
tional samples fail to meet the requirements 
of 6.2.2 and 6.2.3 the lot shall be rejected. The 
production of either new or reconditioned 
fusibie plugs by a maunfacturer on any one 
day for any one range of minimum to maxi- 
mum specified yield temperature, but in no case 
greater than 3,000, shal constitute a lot. 
6.2.2 A test to  determine resistance to ex- 

trusion of the fusible alloy and leaks at  a 
temperature of 130 F, or less, in a fusible plug 
shall be made as  follows: Finished fusible plug 
shall be subjected to a controlled temperature 
of not less than 130 F for  turenty-four hours 
with a gas pressure of 300 psig on the end 
normally exposed to the contents of the cylin- 
der. In order to pass this test no leakage nor 
visible e.utrusion of material shall be evident 
upon examination of the end exposed to atmos- 
pheric pressure. 
6.2.3 X test for  determining the yield tem- 

perature of a fusible plug shall be made as 
follows : 

6.2.3.1 Subject plugs to an air pressure 
of not less than 3 pounds per square inch 
applied to the end normally e-xposed to the 
contents of the cylinder. While subjected to 
this pressure, the plugs shall be immersed in 
a water bath or  a glycerine-water bath at a 
temperature in the 3 F range immediately 
beiow the specified minimum yield temperature, 
and held in that temperature range for a period 
of ten minutes. The temperature of the bath 
shall then be raised at  a rate not in excess'of 
5 F per minute during which the pressure may 
be increased to not more than 30 pounds per 
square inch. When the temperature of the bath 
reaches the point where metal is exuded or 
spewed out sufficiently to produce leakage of 
air, the  temperature of the bath shall be 
recorded aa the yield temperature of the plugs. 

The yield temperature shall be within the 
'temperature limits specified in Section 3 for 
that  type of fusible plug. 
. 6.2.3.2 As an alternate method, the plugs, 
after passing the test at a temperature of not 
less than 5 F below the specified minimum 
yield temperature may at  once be immersed in 
another bath held at  a temperature not exceed- 
ing the specified maximum yield temperature. 
If air leakage occurs within five minutes a t  
that temperature, the requirements have been 
met. 

6.2.3.3 Variation in temperature within 
the liquid bath in which the plug is immersed 
for either test in 6.2.3.1 or 6.2.3.2 shall be kept 
to a-minimum by stirring while making these 
tests. 
6.2.4 Fusible plugs to be used in chIorine 

service shall meet The Chlorine Institute, Inc.* 
requirements. 

6.3 Tests of Rupture Disk Devices 

6.3.1 The production of rupture disks shall 
be segregated into lots of not more than 3,000 
disks with appropriate control exercised to 
assure uniformity of production. Representa- 
tive samples shall be selected a t  random for 
testing to verify rated bursting pressure. The 
number of samples selected shall be appropriate 
for the manufacturing procedures followed, but 
a t  least 2 samples shall be tested from each lot. 
Samples shall be mounted in a proper holder 
with a pressure opening having dimensions 
identical with that in the device in which it 
is to be used and submitted to a burst test a t  
a temperature not lower than 60 F nor higher 
than 160 F. The test pressure may be raised 
rapidly to 83% of the rated burst pressure, 
held there for a t  least thirty seconds, and there- 
after shall be raised at a rate not in excess of 
100 psig per minute, until the disk bursts. The 
actual burst pressure of the disk shall not be 
in excess of its rated burst pressure and not 
less than 90% of its rated burst pressure. 

For rupture disks for DOT-39 cylinders see 
4.2.1.2. 

For DOTAL cylinders, the actual burst pres- 
sure shall not exceed 105% of its-rated burst 
pressure and not less than 90% of its rated 
burst pressure. 

If the actual burst pressure is not within the 
limits prescribed above, the entire lot of rup- 

*Chlorine Institute Inc, 342 Jdadison Avenue. New 
York N.Y. 10017. 

. . - . . . . . . . . . .  ... . .. - . ._ .. . 
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ture disks shall be rejected. If the manufac- 
turer so desires, he may subject four more 
disks selected at random from the same lot to 
the same test. If all four additional disks meet 
the requirement, the lot may be used; other- 
wise the entire lot shall be rejected. Any 
elevated temperature determination may be 
arrived a t  by tests conducted a t  room tempera- 
ture, provided that the relation of burst pres- 
sure to different temperatures is established 
by test for the type of material used. 
6.3.2 The production of rupture disk holders 

(that part  containing the pressure opening) of 
3,000 or less shall be considered a lot. Two 
representative holders selected a t  random from 
the lot shalI be assembled with proper rupture 
disks from an acceptable lot as tested in 6.3.J 
and subjected to the .burst pressure test of 
6.3.1. The actual burst pressure shall not be in 
excess of the rated burst pressure of the disk 
nor less than 85% of the rated burst pressure. 
For DOT 4L cylinders, the actual burst pres- 
sure of the disk shall not exceed 105% of its 
rated burst pressure and not less than 90% of 
its rated .burst pressure. If the actual burst 
pressure a t  a temperature not less than 60 F 
nor more than 160 F is not within the above 
limits, the entire lot of rupture disk holders 
shall be rejected. If the manufacturer so de- 
sires, he may subject four more holders selected 
as above from the same lot to the same test. 
If all four holders meet the requirement, the 
lot may be used, otherwise the entire lot shall 
be rejected. Any elevated temperature determi- 
nations may be arrived at by tests conducted 
at room temperature, provided that the relation 
of burst pressure to different temperatures is 
established by test for the type of material used. 
6.3.3. Testing of the assembled rupture disk 

and holder for detail requirements specified in 
6.3.1 and 6.3.2 in lieu of individual tests will 
be considered as complying with requirements 
of both 6.3.1 and 6.3.2. 

6.4 Tests of Combination Rupture Disk-Fusible 

6.4.1 The production of combination rup- 
ture disk-fusible plug devices of any one rated 
burst pressure and any one yield temperature 
during one shift, not to exceed 10 hours, shall 
be considered a lot. Two representative assem- 
bIed devices shall be selected a t  random and 
submitted to a performance test conducted as 
follows : 

6.4.1.1 Each assembled device shall be 
subjected t o  a pressure of 70% to 75% of 

Plug Pressure Relief Devices 

rated burst pressure of the rupture disk used, 
and while under this pressure, shall be im- 
mersed in a liquid bath held at  a temperature 
not less than 5 F below the minimum specified 
yield temperature of the fusible metal for at 
least ten minutes. The fusible metal shall not 
show evidence of melting. The temperature of 
the bath shall then be raised at  a rate not in 
excess of 5 F per minute without material 
change in pressure. When the maximum speci- 
fied yield temperamre of the fusible metal is 
reached the fusible metal must have melted. 
There shall be no leakage. 

6.4.1.2 The rupture disk shall then be 
tested in accordance with the requirements of 
6.3.1. The device may be removed from the 
bath for this test. 

6.4.1.3 As an alternate t o  tests in 6.1.1.1 
and 6.4.1.2 the rupture disk and fusible metal 
may be tested separately to requirements 6.2.3 
and 6.3.1, providing the design of the device 
is such as to allow for the separation of the 
parts and the separate tests. 

6.4.1.4 If either of the devices fail to 
meet the requirements given in 6.4.1.1, 6.4.1.2, 
or 6.4.1.3 the entire lot shall be rejected. If the 
manufacturer so desires, he may subject four 
more such devices selected at random to the 
same test. If all four  additional devices meet 
the requirements, the lot may be used. 

6 5  Pressure Tests of Pressure Relief Valves 

6.3.1 Each pressure relief valve, except those 
for DOT-39 cylinders, shaIl be subjected to an 
air  or gas pressure test to determine that the 
start-to-discharge pressure at  which the first 
bubble appears through a water seal of not 
over four inches on the outlet of the pressure 
reIief valve is not less than 75% nor more than 
1007~ of the flow rating pressure for which the 
pressure relief valve is marked. In any case, 
minimum required flow capacity must be 
achieved a t  flow rating pressure. 

6.5.2 The production of pressure relief 
valves for DOT-39 cylinders shall be subjected 
to an air or gas pressure test to determine the 
following: 

6.5.2.1 Each pressure relief valve shall be 
tested for leakage a t  cylinder test pressure, for 
a minimum of 30 seconds utilizing a water aeal 
of not over 4 inches on the outlet of the pres- 
sure relief valve or by any other method equally 
as senaitive. Any valve exhibiting leakage shall 
be rejected. 
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I 6.3.2.2 Two pressure relief valves taken 
from each lot of 3,000 valves or less shall be 
tested to determine that the start to discharge 
pressure at which the first bubble appears 
through a water seal of not over four inches 
on the outlet of the pressure relief valve does 
not exceed 80% of the minimum cylinder burst 
pressure and is not less than 105% of the 
cylinder test pressure. If a failure occurs, the 
entire lot shall be rejected. 

16.6 Flow Capacity Tests 

I 
I 

6.6.1 The flow capacity of each design and 
modification thereof of all types of pressure 
relief devices shall be determined by actual flow 
test. Three samples of each size of each device 
representative of standard production shall be 
tested. Each device shall be caused to operate 
either by pressure or  by tempera/ture, or by a 
combination of such effects, but not exceeding 
the ma.dmum temperature and pressure for 
which i t  was designed. 

6.6.1.1 After pressure testing and without 
cleaning, removal of parts, or reconditioning, 
ea& pressure relief device shall be subjected 
to  an actual flow test wherein the amount of 
a i r  or gas released by the device is measured. 
The rated flow capacity of the device shall be 
the average flow capacity of the three devices 
provided the individual flow capacities fall 
within 10% of the highest flow capacity 
recorded. 
6.6.2 Acceptable methods of flow testing 

shall be one of the following: 
6.6.2.1 Pressure relief devices may be 

tested for flow capacity by testing with equip- 
ment conforming to the American Gas Xssocia- 
tion Gas Measurement Committee Report No. 
3, “Orifice Metering of Natural Gas” as  Re- 
printed with Revisions, 1969 (See Reference 
1). Where this testing method is employed, 
such test may be made by the manufacturer of 
the pressure relief device of a qualified test 
laboratory. The form Basis For Sizing of Pres- 
sure Relief Device (Appendix A), showing the 
results of these tests, shall be completed and 
retained by the manufacturer. 

6.6.2.2 Air or gas shall be supplied to the 
pressure relief device through a supply pipe 
provided with a pressure gauge and a tempera- 
ture measuring device for indicating or record- 
ing the pressure and temperature of the supply. 
Observations shall be made and recorded after 
steady flow conditions have been established. 
Test conditions need not be the same as the 
conditions under which the device is e-upected 

to function in service, but the following limits 
must be met. The inlet pressure of the air or 

be not less than 100 psi absolute, except that 
the flow test of a pressure relief valve shall be 
made a t  the flow rating pressure, and the flow 
test of the rupture disk for the DOTAL cylin- 
ders covered in 5.9 shall be made at  the rated 
burst pressure of the rupture disk. Such test 
may be made by the manufacturer of the pres- 
sure relief device o r  by a qualified test labora- 
tory. The basis for sizing of pressure relief 
device form (appendix A ) ,  showing the results 
of these tests, shall be completed and retained 
by the manufacturer. 

6.6.2.3 Where any other method of test- 
ing is used, a record of the accuracy of the test 
results prepared by. a competent disinterested 
agency should be retained by the manufacturer. 

6.7 Rejected Pressure Relief Device 
6.7.1 Rejected pressure relief devices or  

components may be reworked provided they 
are  subjected to such additional tests as are 
required to =sure compliance with all the re- 
quirements of this Standard. 

7. IDENTlFICiTION 
I t  is the  purpose of this Section to  list cer- 

ta in  safeguards or guides so tha t  pressure 
relief  device performance m a y  not be jeopar- 
dized b y  improper  service practices. T h e  a i m  . 
in general, is to  m a k e  it possible to  i d e n t i f y  the 
manufacturer of t h e  device‘and to  have the  
m a i n  replaceable parts so identified or  coded 
that  it m a y  be readily determined, zrsuaUy b y  
reference to  manufacturer‘s published data,  
whether  par ts  are intended to func t ion  together,  
w h a t  operating pressure range or  temperature 
range they  will  provide f o r .  and whether  t h e y  
have adequate flow capacity f o r  the cylinder 
with which  t h e y  are t o  be employed. In par- 
ticular, it k pointed out that rupture  disks  can  
be applied only against  pressure openings f o r  
which  they  w e r e  specifically designed. S o m e  
manufac turers  employ sharp pressure opening 
contours whi le  others  employ rounded or  other 
shaped contours. Because of these contour vari- 
ations,  a n  interchange of the  disks  will  give  
widely  d i f e r e n t  burs t  pressures. lir addition, 
variation in diameter  f o r  the pressure opening 
will give still w i d e r  variation in burst  pressure 
if the disks  are interchanged improperly.  

7.1 Suitable marking shall be provided so that 
the manufacturer of the pressure relief device 
may be determined. 

gas supplied to the pressure relief device shall I 

I 

i . ,  . .  

* .-. .._ , . , . . ,. , _. . , , . . , .. . .  _ .  .. . 
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i.2 When rupture disks and pressure opening 
parts are  designed to be replaced as individual 
piece parts, they shall be marked to indicate 
the rated burst pressure (with the proper 
mating par t ) ,  the flow capacity and the manu- 
facturer. Suggested methods of marking are 
as foIlows‘: 
7.2.1 Stamp with manufacturer’s name o r  

trademark and rated burst pressure or identi- 
fying part  number on the part containing the 
pressure opening. 
7.2.2 Ink or otherwise mark the number on 

the rupture disk or apply other code mark to 
facilitate determination of burst pressure range 
and proper mating part. 
7.2.3 When rupture disk and pressure open- 

ing parts are combined in a factory assembled 
pressure relief device designed to be replaced 
as a unit (CG-1, CG-4 or CG3) the assembly 
shall be e-xternally marked to indicate rated 
burst pressure, flow capacity, manufacturer . 
and yield temperature if applicable. 

7.3. Fusible metal pressure relief devices (CG-2 
or  CG3)  shall be e-xternally marked to indi- 
cate yield temperature and manufacturer. 

7.1 Pressure relief valves shall be marked to 
indicate : 

( a )  Jlanufacturer. 
(b) The set pressure for which the valve is 

“set to start to discharge.” 
(c) The flow rating pressure in pounds per 

square inch gauge (psig) a t  which the flow 
capacity of the valve is determined. 

(d) The flow capacity in cubic feet per 
minute of free air. 

4 . 3  -411 markings required in 7.2 through 7.4 
inclusive may be coded. Code designations shall 
be determinable from the manufacturer. Pres- 
sure relief devices used on DOT-39 cylinders 
&e e-uempt from marking requirements. . 

8. -MAINTENAiiCE REQUIREMENTS FOR 
PRESSURE RELIEF DEVICES 

8.1 General Praciiecs 
8.1.1 As a precaution to keep cylinder pres- 

sure relief devices in reliable operating condi- 
tion, care shall be taken in the handling o r  
storing of compressed gas cylinders to avoid 
damage. Care shall also be exercised to avoid 
plugmng by paint o r  other dirt accumulation 
of pressure relief device channels or other 
parts which could interfere with the function- 

- -  

ing of the device. Only qualified personnel shall 
be allowed to service pressure relief devices. 
Only assemblies or original manufacturers 
parts shall be used in the repair of pressure 
relief devices unless the interchange of parts 
has been proved by suitable tests. 

8.2 Routine Checks When Filling Cylindcra 

8.2.1 Each time a compressed gas cylinder 
is received for refilling, all pressure relief 
devices shall be examined externally for corro- 
sion, damage, plugging of external pressure 
relief device channels, and mechanical defects 
such as  leakage or  extrusion of fusible metal. 
This examination does not apply to DOT-iL 
cylinders. If there is any doubt regarding the 
suitability, of the pressure relief device for 
service, the cylinder shall qot be filled until it 
is equipped with a suitable device. . .  
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REQUIRED PRESSURE RELIEF DEVICES 

The types of pressure relief devices listed in Table 1 are acceptable as indicated in Table 3 
by a letter symbol or symbols for application on cylinders for various compressed gases and gas 
mixtures. In the event that  a fire test is required, it shall be performed in accordance with CGX 
Pamphlets C-12 and C-14. A fire test shall be conducted when the flow capacity of a pressure 
relief device is sized less than required by formula in this standard. 

Requests for types and applications of pressure relief devices other than those listed in Table 
1 or Table 3 must be sent to the Compressed Gas Association, Inc. for assignment and be accompa- 
nied by test data as shown on form suggested in Appendix A, page 25 of this Standard. 

TABLE 1 
TYPES OF PRESSURE: RELIEF DEVICES 

8 

C G l  Rupture Disk 
C G 2  
C G 3  
CG-I 
CG.3 
CG-7 Pressure Relief Valve 

165 F (74 C) Fusible Plug 
212 F (100 C) Fusible Plug 
Rupture Disk with 165 F (74 C) Fusible -4IIoy Backing 
Rupture Disk with 212 F (100 C) Fusible Alloy Backing 

NOTE 1: W h e n  more than one type of device is listed in Table 3 for a particular gas, only one type is required. 
N O T E  2: The letter codes used in Table 3 are defined on page 20. 
NOTZ 3: Type CG4 and C G 3  are not acceutable for 110% fill. See 173.302 IC) of 49 CFR. . .  
YOTE 4: For certain gases, use of p r e s s u ~ .  relief devices is not permitted. For such gases the pressure relief device 

column is marked “Prohibited.” 

‘ I  



C O M P I L S S C D  C A S  h S S O C I A T X O X ,  [ X C .  Pamphlet S-1.1 
Page 21 

~~ ~ 

1.0621 51 1.0088 
1.0609 52 1.0075 
1.0598 53 1.0068 
1.0586 54 1.0055 
1.0575 55 1.004s 
1.056.1 56 1.0039 
1.0552 57 1.0029 
1.0541 58 1.0019 
1.0530 59 1.0010 
1.0518 60 1.0000 
1.0507 . 61 .9990 
1.049G 62 .9981 
1.04FS 63 .9971 
1.0474 64 .9962 
1.0463 65 .99.52 
1.0452 66 .9943 
1.0441 67 .99% 
1.0430 68 .9924 
1.0419 69 .9915 
1.0408 70 .9905 
1.0398 71 .9596 
1.0387 72 .9587 
1.0376 73 .9877 
1.0365 74 -9868 
1.0355 75 .9859 
1.0344 76 .9850 
1.0333 77 ,9840 
1.0323 78 .9831 
1.0312 79 . .982" 

-- 1.0302 80 .9813 
1.0291 81 .D804 
1.0281 82 .97?5 
1.0270 83 .9786 
1.0260 84 .97s'i 
1.0219 . * 85 3768 
1.0239 86 .9759 
1.0229 87 .9750 
1.0218 88 .9741 
1.0208 89 .9732 
1.0198 90 .9723 
1.0188 91 .9715 
1.0178 92 .9706 
1.0168 93 -9697 
1.0158 94 .9688 
1.0147 95 .9680 
1.0137 96 .9671 
1.0127 97 .9662 
1.0117 98 .9653 

.. 99 3645 
100 3636 

1.0108 
1.0098 

(AGA GPS Xeasurcmcnt Report No. 3, "Orifice Xetering 

TABLE 4 

"EVPERATURE CORRECTION FACTORS TO 60 F 
DegretsF 1 Factor 1 Degrees F 1 Factor I Degrees F 1 Factor 

101 .9625 
lo" .9613 
103 .9610 
10.1 .SI602 
105 .959.1 
106 .9585 
107 .9577 
108 .9568 
109 .9560 
110 3531 
111 .9543 
112 .953.5 
113 .9526 
114 .9518 
113 .9510 
116 .9501 
117 .9493 
118 .9485 

. 119 .9477 
120 .9469 
12 1 .9460 
122 .9452 
123 .9444 
124 .9436 
125 .9428 
126 .9420 
127 '.9412 
128 .9404 
129 .9396 
130 .9388 
131 .3380 
132 .9372 
133 .9364 
134 .9356 
135 .9349 
136 .9341 
137 .9333 
138 .9325 
1 3  .9317 
140 .9309 
141 .9302 
142 .9294 
143 -9256 
144 .9279 
145 .9271 
146 -926.3 
147 .9256 
148 ,9248 
149 .9240 
150 .92% 

of Natnd Gum) 

1 
a 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
23 
2s 
21 
25 
26 
27 
25 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

~ 

L 

. -  , . _  . 
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TABLE 5 
BASIC ORIFICE F.ACTORS - F " G E  TAPS 

FOR FLOW PER MINUTE 

*These orifices have diameter ratios lower than the minimum value for which the formulas used were 
derived and this size of plate should not be used unless it is understood that the accuracy of measurement will 
be relatively low. 
(Data were-taken from Gas Xeasurement Committee Report NO. 3, "Orifice Metering of Natual  Gas." (1956 Re- 
print), American Gos Association, snd converted to calculations in able feet per minute.) 
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TABLE 6 
VALUES OF GI AND G, FOR RATED BURST PRESSURES 

OF RUPTURE DISKS FOR DOT 4L CYLINDERS 

Rate 
Burst 

Pressure 
( p s i d  o r  

CO Si3f OD ITY 
Flow Rating 
Pressure 

Value 
o t  Gi - 

Argon, pressurized liquid 

Helium, pressurized liquid 
Hydrogen, liquefied 

Nitrogen, pressurized liquil 

Oxygen, pressurized liquid 

Neon, pressurized liquid 

100 10.2 59.0 
200 11.8 69.5 
300 13.9 82.0 
400 17.9 108.0 
200 52.5 
50 
100 
100 
200 
300 
400 
100 
200 
300 
400 

8.7 
10.6 
10.2 
11.8 
13.9 
17.9 
10.2 
11.8 
13.9 
17.9 

46.0 
56.0 
59.0 
69.5 
82.0 

108.0 
59.0 
69.3 
82.0 

108.0 
100 17.0 92.0 
200 20.8 113.5 
300 28.0 153.0 

NOTE: When lower rated burst pressures than those shown are used, the vaIues of GI and GI, are 
on the safe side and may be used as shown or  calculated as covered below. For higher 
rated burst pressures than shown, values of G, and GI, must be calculated from the fol- 
rated burst pressures than shown, values of GI and G, must be dcu la t ed  from the 
following formulas : 

73.4 x (1200 - t) 
L C  633,000 V T '  and GI.= L C  G, = 

w h e n  L = Latent heat at flowing conditions in Btu per pound. 
C = Constant for  gas or  vapor related to ratio of specific heats (k = CplCv) at  60F and 14.7 P S U  

Z = Compressibility factor at flowing conditions. 
T = Temperature in degrees R (Rankin) of gas at pressure a t  flowing conditions (t + 460). 
3f = Molecular weight of gas. 
t = Temperature in degrees F (Fahrenheit) of gas at pressure at flowing conditions. 

See Figure 1. P. 37 

When compressibility factor "Z" is not known+ 1.0 is a safe value of "Z" to use. When gas constant "C" is not 
known. 315 is a safe value of "C" to use. For complete details concerning the basis and origin of these formulas, 
refer to  "Bow to  Size Safety Relief Devices, F. S. Heller, Phillips Petroleum Company, 1954. 
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k 

1.00 
1.02 
1.04 
1.06 

1.10 
1.12 
1.14 
1.16 
1.18 
120 
122 
134 

1.08 

PI. [ S C .  

CON- 
STANT 
C 

315 

320 
322 
324 
327 
329 
331 
333 
335 
337 
339 
341 

318 

- 
k 

- 
126 
128 
1.30 
1.32 
1.34 
1.36 

1.40 
1.42 
1.44 
1.46 
1-48 
1.50 

1.38 

CON- 
STANT 

C 

343 
345 
347 
349 
35 1 
352 
354 
35 6 
358 
359 
361 
363 
364 

- 
k 

- 
1.52 
1.54 
1.56 

1.60 
1.62 
1.64 
1.66 

1.70 
2.00 
220 

1.58 

1.68 

- 

CONSTANT C 

FIGURE 1 
(k = Cpl Cv) AT Go a F and 14.7 PSIA. 

CONST-LYT C FOR GAS OR VAPOR RELATED TO U T I 0  O F  SPECIFIC HEATS 

(Data  from Figure UX-230. ASME Boiler and Pressure 
(Vessel Code, Section VIII, Division 1. PRESSURE 
VESSELS.) 

CON- 
STANT 

C 

366 
368 
369 
371 
372 
374 
376 
377 
379 
380 
400 
412 
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NOTE: This fo rm is not suitable for acetylene cylinders. For further information contact the Compressed Gas 
Association, Inc, 500 Fifth Avenue, New York, New York 10036. 

BASIS FOR SIZING 
OF PRESSURE RELIEF DEYICE 

Date 

Jlanu facturer 

. .  Address 

Catalog o r  Xodel No- 

Dwg. No 

Safety Relief Device Type CG- 

Set Pressure psig. Flow Rating Pressure psia. 

Yield Temperature F. Rated Bursting Pressure psig. 

Date of Dwg. and La& Revisio 

(See Table 1 of these Standards) 

Chemical Name of Gas liquefied ( ) Non Liquefied ( 1 
Commercial Name of Gas 

Percentage of Components for Nixed Gases 

Specification and Service Pressure of DOT Cylinder(s) to  be Used 

Xaximum Container Size for Which Approval is Requested -. 

Minimum Required Flow-CFJI of Air (See Pars. ‘4.5 td 4.9) 

Actual Flow-CFJI of Air a t  60 F and Base Pressure of 14.7 p i a .  

Test Conduced b y  : Title 

. .- . (pounds water capacity) . L. . 

(Item 16 of Test Data) 

Company 

Signature Date 

Test Requested By : Title 

Company 

Signature Date 

NOTE: For  safety relief devices on insulation jacket of DOTAL cylinders, indicate: 

Description of Device Discharge A r p n  Set Pressur-psig 

(For Test Data, see next page) 
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I 

APPENDIX A (Continued) 

TEST DATA 

This Foim is suitable €or Test Data using Orifice Meters. 

Test Medium - Air or Name of Gas Specific Gravity 

Molecular Weight '. Ratio of Specific Heats (k) 

ITEM I SAXPLES 

1. 

2. 

.> 0. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

IS. 

Start to Discharge Pressure-pig. 

Resealing Pressure-psig. 

Frangible Disc-Bursting Pressure-psig. 

Fusible Plug-Yield Temperature-degrees F. 

Flow Rating Pressure-psia (psig + 14.7) 
Orifice Diameter-Inches 

3teter Pipe-Inside Diameter-Inches 

Orifice Factor (For Flow in CFM.) See Table 3 

Constant (Item 8 x m) 
Differential Pressure- d Inches Water 

Flow T e m p e r a t u r d e p e e s  F. 

Temperature Correction Factor. See Table 2. 

Supercompressibility Factor (Air = 1.0) 

Gas Constant Ratio(*). 

Flow (Items 9 x 10 x 12 x 13 x 14) 

16. XVER-4GE FLOW AT 60 F and 14.7 psia 

- 

3 

@ (*) Gas constant ratio for air = 1.0; for other than air = 356lGaa Constant (C). See Figure. 1. 

. . .  



EXHISIT E 

F L O W  W A C I T Y  TEST 

Compressed Gas Association Famphlet S l . l ,  Section 5 . 6  and 

6 . 6  were re fer red  to f o r  t h i s  data .  

Sect ion 5.6 fo r  a non-insulated container  f o r  l i q u i f i e d  

gas es tab l i shed  the minimum required flow capaci ty  o f  pressure 

r e l i e f  devices t o  be t v o  t imes the required formula o f  Section 5 . 5 .  

This equates t o  a minirmun of 7 . 7 0  c&.f t . /min .*  f o r  the proposed 

contziner  . 
Sect ion ' 6 . 6  requires that  ac tua l  flow t e s t s  . .  be perforined o n  

The t e s t  r e su l t s*  showed an ac tua l  average 

- 
proposed containers.  

flow capaci ty  of 39 . O  cub . f t . / d n . .  

act-dal flow caFacity f a r  exceeds the minimum required.  

This t e s t  data shows tha t  

* Tests  perr'omed by: MANLAX, I X C .  
21 F3IE STEET 
CXIYBRIXZ, MASSACidUSETTS 02139 



Exhibit F 

REPORT OF E V A L U A T I O N  

A N D  TESTING 

REPORT NUMBER: 

SO 185 

D R A W I N G  N U M B E R :  

. SKE-84-101 

CONDUCTED FOR : 

SEXTON CAN C O M P A N Y  
31 Cross S t r ee t  

Everett,  Massachusetts 02149 

CONDUCTED B Y :  

A U T H O R I Z E 9  TESTING, I N C .  
2522 Kansas Avenue 

Riverside, California 92507 

D A T E D :  

January 11, 1985 

page 12 

Heat Exoosure (Chimney T e s t s )  

In order t o  determine the capabi l i ty  of the pressure r e l i e f  device 
t o  prevent the rupture of a normally charged un i t  when elevated t o  
temperatures, a ser ies  of Chimney type t e s t s  were conducted. 



~ 

E x h i b i t  F(Cont.) 

4 " I These tests were separated into two temperature exposure groups of 
< 500°F and 2 500OF. 

The photograph. below shows the typical low temperature set up using 
propane for the fuel. 
using oxygen/acetylene for the fuel. 

High temperature exposure was accomplished 

Heat Exposure Test Fixture 

An internal baffle was used to prevent direct flame impingement 
upon the bottonl of the cans tested. 



E x h i b i t  F(Cont . ) 

, 1 '  L 

A pressure gage was remotely attached t o  a l l  t e s t  uni ts  t o  monitor 
pressur,e levels ,  and pr ior  t o  t e s t ,  the connecting l ine  was charged 
w i t h  R-22 t o  prevent loss of internal can pressure. 

Each can tes ted was a l so  f i t t e d  w i t h  two type J thermocouple wires 
attached t o  the bottom and the valve o u t l e t  which were connected t o  
a d i r e c t  read o u t  d ig i t a l  temperature instrument. 

. .  

Heat Exposure 
Instrumentation 

Pressure and temperature levels were periodica 
elapsed time, temperature, and pressures f o r  a 
on pages 17 t o  21 . 

l y  monitored. Actual 
1 t e s t s  may be f o u n d  

A surmnary of the Heat Exposure t e s t  r e su l t s  fo l lows :  



F (  C o n t  . ) 

Heat Exposure Units 
Pre Test 



# A Low ( 4 5 O O 0 i )  Expdsure 

Test 1 - Test Number TP4 

Maximum developed pressure: 385 PSIG 
Maximum base temperature: 302'i 
Maximum valve temperature: 2 2 l o F  
Total time exposed: 22 minutes 
Resu 1 t: Vent through relief device. 

Test 2 - Test Number TP5 

Maximum developed pressure: 175 PSIG 
Maximum base temperature: 541OF 
Maximum valve temperature: 37OoF 
Total time exposed: 2 minutes, 10 seconds 
Result: Vent through relief device. 

H i a h  I > 50floi) Exoosure 

Test 3 - Test Number TP6 

Maximum developed pressure: 285 PSIG 
Maximum base temperature: 1035'F 
Maximum valve temperature: 537OF . 

Total time exposed: 1 minute, 5 5  seconds 
Result: Vent through relief device 

- -  

Test 4 - Test Number TP7 

Maximum developed pressure: 150 PSIG 
Maximum base temperature: 1286'i 
Maximum valve temperature: 4 3 6 O ~  

Total time exposed: 1 minute, 24 seconds 
Result: Vent through re 1 i ef device 



Heat Exnosure . 

Typical Post Test U n i t  

N o t e  that  i r i  ~1 1 iristmcc.; the pressurl: r e l i e f  functioncd a n d  re- 
lieved the corrtents safely.  

The niaxirnunl developed pressures pr ior  t o  functioning varied from 
l c n  D C T c  t o  335 PSIG for unknown reasons. 

_. 

Possible 
an inaud 

C J I I S C S  coiild be pressur? l ine  o r  pressure 
b l e  1f?ak a t  the bottorrr or cap closurc seJ  

gage blockage or 
b. 



E:Crl.ISIT G 
PNEWATIC BURST 

I 1 1  1 

Three u n i t s ,  TP4A, 5A, and 6A c h a r g e d  w i t h  n i t r o g e n  g a s  and 

c o n t a i n i n g  a r e l i e f  d e v i c e ,  were s e l ec t ed  f o r  s u b j e c t i o n  t o  

p n e u m a t i c  P r e s s u r i z a t i o n  w i t h  n i t r o g e n  un t i l  f a i l u r e .  

PNEUL"..laTIC BUXST TEST - PETEST UNITS ILLUSTUTION #6 

Obtained p r e s s u r e  l eve ls  and c o r r e s p o n d i n g  f a i l u r e  modes 

w e r e  as f o l l o w s :  

TEST SERIAL NUMBER OBTAIXED'PESSURE FAILURE MODE 
- T14A 375 P S i G  PRD OPENED 

TP5A 
TP 6A 

395 PSIG . PRD OPEXED 
410 PSIG PRD OPEXED 

PNEUMATIC BURST TEST - PRETEST UNITS 'ILLUSTRATION i17 



E:IHIBIT 3 
FLATTENING TEST 

DESCXPTION:  

The sample con ta ine r s  a r e  placed i n  t h e  f i x t u r e  and a r e  

s u b j e c t e d  t o  f l a t t e n i n g  between wood (oak) wedges rounded t o  

a 1,'2 i n c h  r ad ius  wi th  a 60° included a n g l e  t o  a wedge s e p a r a t i o n  

d i s t a n c e  equal  t o  o r  l e s s  than 10 t imes t h e  minimum w a l l  

t h i c k n e s s  (Ref. CFR Sect ion  178.65-12) . 

E T X O D  OF TEST: 

The f i x t u r e  w a s  p laced i n  a Br idgepor t  Wi l l ing  Machine and 

t h e  wedges were brought t oge the r  wi th  a .Ol8 space r  p l aced  

between the=. 

ou t  t o  i n s u r e  accuracy.  

f i x t u r e  and f l a t t e n e d  a t  a s teady  r a t e .  

made and recorded zs t h e  v e r n i e r  i n d i c a t o r  d i sp layed  . 5 0 0 ,  

. 3 0 0 ,  .200,  .lo0 and -000.  A f u l l  v i s u a l  i n s p e c t i o n  w a s  then  

The v e r n i e r  gauge of t h e  machine was then  zeroed 

The t e s t  samples were p laced  i n  t h e  

The obse rva t ions  were 

. 4 0 0 ,  

c p e r z o m e d  on each conta iner  t h a t  was s u b j e c t e d  

I l l u s t r a t i o n  #4 and 35 included. 

t o  t h e  t e s t .  See 

I 

E U T T E N T N G  TEST FI-3TUR.E ILLUSTRATION 94 



Unit TPllA, 12-4, 

SAWLE N M E R  

TP IIA 
TT 12% 
T? 13A 
T? 14A 
TI? 15A 

EXHIBIT H ( C O N T . )  
FLATTENING TEST 

13A, 14A and 15A were 

SE?ARATION DISTANCE 

.500 Inch 

.400 Inch 
,300 Inch 
. 200  Inch 
.LOO Inch 
.OOO Inch 

flattened as 

RESULTS 

follows : 

No 
No 
No 
No 
No 
No 

Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 

- _  FLATEHING POST TEST ILLUSTRATION # 5  



October 2, 1992 

Standard for 

Nonrefillable (DIYpOSabl8) Type FLel Cas Cyljnder Aswnblles 

Accompanyfng this ttansmiW notics is a c:?y of :he llrst editiofi of UL 147A. 

THIS EDITION OF TPE SfAhCAR3 13 NCW IN EFFECT EXCE?T FOR PARAGRAPHS 4. I ,  4.2.  8.8, and 21.1, 
Ab40 SECTIONS 10-14, 18, ANS 10, W I C H  ?EC3h?E EFFECTIVE CCTCRER 3, 1994 AS Il'iOICATE3 IN 
THE SMALL PRINT NOTE FOLLOWNG Ti lE  AFFECTED ITEMS. 

New product sctni3els maao prior tC d spQc;fied fu:ure effoc!Ivo date ia4! be judged under all of the 
requirements In this s:ardard unless :."E 3pplina?t specifically requests 1h31 Ihd product be judged undrf 
the current requirements However, shoule the app!icant o!ec! !hi9 option, it should 58 noted that 
compliance wirh ah the r3quiremertrs in lhrs sta:c!ard w;;! be r e y k X !  as a conditioii of cont!nded Llsticg aria 
Fcllow-Up SepAC$s aner :fig &c:iva cia:$ a d  mderstandit-$S sf lais s>ould be signifled ir: writing. 

The requiremerits in this standard are sLkstartrla!13{ in accndance kith L l ' s  bulletin c.n this subpct dakd 
March 11,  1931. This bulletin is na* 0Ssc:ate and nay be dissafded. 

Revised and;or additional pages may be h u 4 d  ftorr, time to iiF@. 

Subscribers to U ' s  senices in the %rea c c v w d  by this $xndziK! s&ll rqcziv? these rwised and/or a3dltlcna: 
pager automatically. QLhers may ra<erve sdch pages by scbscribmg tc UL's  sulkscnption Sewkc! for 
raviaions. See UL's C A T A G G  OF ST.4bOAR09 FCR S A F m  for P dexription of !he revisicn subgcription 
service, the cast cf :he service for t W  xanfard. and fh'deri!tg !nrornerion 

, , , ..-., -* , . _  . , . , - -. . . . . . .. 



- 
15 Firr Test 

15. I A nonrelillable cylinuer assembly shal! be :ub!ected to !he l ieat of a charcoal llre as speclflsd in 15.2 - 15.5. The relief device prcvidod in :he ammt;l!y spa[/ cper3:a !o reduce !he risk o! rupture at propufsfon 
of the container from pressure buildup. 

15.2 Thirteen sample fuel container3, cha:ged by !he mandacturer, are :o be used, iocludfng &g# 
iner 10 which ' an be containers arramed with a small ShLtoff v&ve r w t e d  :c a- 

connec!ed. A charcoal h, 2 4  by !8 by @ inch& (61C b~ 457 by 1152 mm) Ngh, IS to b+ prepared wlfhln a 
$sided concrebbfock enclo$t're. T h t  top a x !  one lor.3 sjde cf the enclosure are to be opan for 
observation. 

- 
15.3 A metal wife screen is IO be placed on top o! rhs charcoars, ir: whic!l :he samp!es will be placed. The 
ambient tempetature shall 5e measured In the air spat? betviaen t h i  scram and the  charcoals, Oalow the 
sampla. The tenFarat3re during the t&si  sh$Se''befween 1000 and 12G0°F (537 and 649Oc). I f  
thcrnosouples 2re used, the %ires ats io cmfcrm tc r %  :eq'Jirmsctc !a: special thermoccuples as !iS@d 
in the  table cf Ilmits cf error of thwmcouples' in We Stzndar3 :or .Temperature Msasurema3t 
Thermocouples, ANSI MC96.1.1932. 

15.4 A l e n g h  of copper tubing, a ca!ikra?e.rl presswe g a q c  ksvlng a PieSSlJi? rmJe cQ; less than i * 1 / 4  
limes nor more t han  1-1 /2 :Irr,es The ultirnare cortainer ructure pr98t;1f$ specified in 13.1, and an auxilia8 
shutsff valve located downstream !rom.the c a l m  are t3 se $t!xhtcj ;Q the s- valve The  $mal 
snctotf valve Is to >e s c c w s  to 2ach cf 152 thrzir cantainc:s iy.vir,q a rhQtoff valve as s~ecif led in 15.3. The 
auxiliary wive 1s tS be c!ozrd, the vaia/8 cn tYm carminer q z n a d ,  snd tka contl?;r.er is to be placed 
borlzcktally on rh8 fire. Gauge piessure; are :a be recorded mt!i !!\e rnarimum is reached and the aot!te 
contents of the container have been exhausted :mfi the relltf davice. 

15.5 The :en remair;;ng sampies wir3cct the p ~ s 3 u r ~  monitciing c3nw:tim are to bs indi.;ldually ?est?d 
In :he chzxoal fire when Fositloned 65 fcl~ows: 

t- - 

b) Samples 3 and 4 - v~rt ic31 wi:h rel i i !  ~ C V ~ C E  up: 

c) SanFles 5 and 6 - vefiicai wiii i  :skf  de'iica down (in fira); 

d) Samples 7 and 8 - 4 5  degrses from hcxizocta! with reiief dsvics up; and 

e) Samples 9 acu I C  .- 45 cfcGrees from horizonrel w~!h p a l i e !  devic3 down. 

18 Accalerated Aghg Test 

16.1 A ncnme!allic pdl: Is to be ccndirloned in zccn,:danca with 16.2. P.fier condi!ianing there shall be no 
ctacking or other visible evidence cf detcrioraticn. 

16.2 Three samples of eacb non:nefal!ic part, o!r;er tbzn that ccvered by the exc,op:ion to 8-4, a:a to be 
conditlmed for 70 houts In an ai: oven n:zintained at B tetnparature of 21?9F (100OC). 

3T 'd 



13.1 A representatibe sample Of each sile and SF?CifiC C3n;rit!c::9n of cylinder assembly shall not rupture 
or burst when subjected fc! 1 n:inute to fzur times !tie service pressure as specifiaa in 6.1. The ultimate 
burst prorsare shall e x z e d  four limes the mar'isd s2f;;cQ pressurf: and the mannet of faiidre shall be in the 
side wall of the cylinder 7arai:el wi;h its iong1:bd:naI a i s .  

13.2 Three empty cyiindec asjercbties v y ' : i ~  ihe feI;r?l vii!ve iarnc'Jsc! acd :ha Opening ?lugged shad be used, 
Each Sample shall be ronnec!ud !o a scurce Ol ?ydtcs!a?!c pressure, The pressure supply system shall 
Include a shut03 vtlve and a caiibratc4 p"sQf8 g%iCe hakhg 3 range of not ;css than 1-112 times not 
mcfe tndn Wice !ti€ hydrcstatic st rsqtn pre,::;~? ?hs presscrb S a g e  is to be installed in tha pressura 
Supply piplng 5eweon tP6 shuro!f V S ! ~  ard IC19 j rmpl? .  Eacl: aemp!e is to b2 ccmpletely fllled with liquid 
6r.d all alr Is to be exgelled. 

I 4 S t art4o.C lo e ha rg c a ne Res as I i I: g P r e 3 si; r r? 
Tests of Pressure Aeliol Valves 

fc;'~Cr. 1; C f l 1 c f t . w  C:*tJ-;I 2 ,  1304 

Excest im:  The jacge !c: ihs s / t , ~ - ! s - s ' i ' s : h a : ~ ~  ,crezsc;re fo:pfcca,v shaJ b? 3C"O - 4 0  psIg (2480 - 3307 
kPai. 7/70 reseal prc?su:e shall cor ?.? !ess tiran f?6 ~ s q  ( i970  ItPa). 

74.3 Three sampler ?re tc be ssed fach v;;;ve is :c be ics;alled in its Co;ltaindt cf holde: and connsc!sd 
!c an air or other a2rosti::k s;;p$y scurce capa2ie of main!aining a pressure of at ieast 5C psi4 (343 kPa) 
abave thc upper stan-to.d;.scP,arge liRit c.! ?i% v$ve txicg :es:ed A sWtoff valvs and a catitrated pressure 
gauge having a pressur8 ran@ nr)f less t h x  !.;/2 !ices no: rncrz than twice tha  upper s;itrt-to-discharge 
limit of the valve being testa.!, are to Ce ;ns12!lcd in ri'ie.preSsus sc;pply picincj The pressure gauge is 10 
ba installed in :ne 9iplng betwt.9 :!;$ vaivc h i o g  ter*:ed a?$ the shc!otf valve. Stan-tn-discharge and 
resealing prassl;res 3:e to t?s observed thrayh ii water seal nct mGre Man 4 incnes (102 ") deep. 

12.4 The shutoff valve Is :c be openec! IC: G?m;! the pregsilrt io :ha vahe beirlg t ~ e d  to increase to wltnln 
apprcxima:ely 25 P S ; ~  {172 kPa) of :he Iwe: s(yt.to-3ixha;ge limit. The pressure t3 the valve being tWKl 
then is to be inc:eased slol.vty, a 3 nx nct g r e a w  : hn  2 p s : ~  !:a kPa! pev second, mtil the first bubbles 
through the wa:er seat are CCS2Wed. t i re  pressur? a: ;hfs ifistan!. as indicz:itd t?y t h e  pressure gauga, is to 
ba recorded as the stX*!3.dischargs prsssure c! thd saf?ty-relie! v2iv6 under test. 

14,5 ARw recording the starr-to-dis:harCs p s s u r e  oi :he valva, the prss.s;lre Is :o be increased above tke 
stimo-dlsc!xrge preswre to unseat the va!ve. T5e shutoff va!ve 1hen is to be c:osed tightly and the  watar 
seal, as well as rho pre6str:s gacrse. is to be c5seNed. The preswre a: whick bubbles through thO W X 6 r  
seal cease is to be recorded as tha re3ffatlny prsssura of the va!ve. 



2.1.3 A component shall be used in ac:n;bscce wt:h ;;s racogn~zed r3t;ns estatlisned for the intended 
condi:ions of use. 

3 Glossary 



Trans port Transports #*I Canada Canada 

Canada Building Edifice Canada 
344 Slater Street 344, rue Slater 
Ottawa, Ontario Ottawa (Ontario) 
K I A  ON5 K IA  ON5 

Our IJe Notre ddrenca 

ASD4069-4310 

February 28, 1996 

Mr. Frank Chau, Ph.D. 
Technical Director 
K-G Packaging, a Division of 
CCL Industries Inc. 

8001 Keele Street 
P.O. Box 89 
Concord, Ontario 
L4K 182 

Dear Mr. Chau, 

I am pleased to enclose herewith your Permit for Equivalent Level of Safety 
SU 4310 and an Explanatory Note which will serve as background information to the 
permit. 

The terms and conditions in the permit must be.adhered to at all times. 
Subsection 31 (4) of the Transportation of Dangerous Goods (TDG) Act, 7992) stipulates 
that "...Nan-compliance with any of the terms or conditions invalidates the permit.” In 
addition, subsection 31(6) of the TDG Act, 7992 gives the Minister, or a designated 
person, the authority to revoke a permit. All other requirements of the Transportation 
of Dangerous Goods Regulations must be complied with except for those specified in the 
permit. 

If a renewal of this permit is required, please ensure that you submit a request, 
in writing, at least three months before the.expiry.date of the permit to give us ample 
time to review your request. c 

Should you have any questions, please contact Mr. Denis Provost, Permits 
Coordinator, (61 3) 998-051 9. 

Sincerely, 

/ [- LindaHume 
Chief, Legislation, Regulations 

Regulatory Affairs Branch 
and Permits Division 

Canad3 



P E R ,  FOR EQUXVALENT LEVEL PERMlsDENlVEPUEQUIVALENT 
OFSAFETY Na Su4310 DESECURITE No SU 4310 

K G  PACKAGING. A DIVISION Of CCL INDUSTRIES INC. K-G PACKAGING, UNE DIVISION DE CCL INDUSTRIES INC. 

FOR DEPARTMENT USE - RESER- AU MINIflkRE 

DATE RECEIVED - RECU LE I CONSULTING AGENCYIAGENCE CONSULTEE 
Apl21,1993 
21 aMil1993 1 CTCtCTT CCG UOD PROV 

MODE ROAD, MIL -ROUTIER, FERROVIAIRE 
~~ ~ I TELEPHONE - TELEPHONE 

NIA -30 

DATE: ~ ~ 5 - 6  2 8 \!BQ n 

PERMIT ISSUED - PERMIS DELIVRE 
F E U  

To/A: K-G PACKAGING, A DIVISION OF CCL INDUSTRIES INC. BYIPAR:JOHN R. MONTEITH 

K-G PACKAGING, UNE DIVISION DE CCL INDUSTRIES INC. 

CONDITIONS : 
The condins for d i s  Permit are set out in Appendix 
-A-. 

USE OR PURPOSE 
UTILISATION 

DETERMNATE - DETERMINEE 

SPECIFIC - SPECIFIQUE 

~ ~~~ 

GENERAL - GENERALE 

~~ 

EMERGENCY - URGENCE 

EQISIVALEm LEVEL 
OF SAFEV 
NIVEAU EQUIVALENT 
DE SkCURITk 

NO. 
N” 

EIX c] 

PERMIT SO. - No DU PERMIS 

su 4310 

EXPIRY DATE - DATE D’ EXPIRATION 

April 30,2001 

le 30 a d  2001 

SIGNATUREOF . .SIGNATURE,DE 
ISSUING AUTHORITY L’AUTORlTE I%EITRICE 

LE DTRECl”EUR 
DIRECTION DES AFFAIRES REGLEMENTMRES 

DIREClTON G W  DUTRrtYSPORT DES 
MARCHANDISES DANGEREUSES 
~\IL?nsrgM DES TRANSPORTS 

: \  r- 
d< 
-+2L ’.;La 

J(> JOHN R MONTElTII 
DIRECTOR 

REGULATORY AFFAJRS BRANCH 
TRANSPORT DANGEROUS GOODS DIRECTORATE 

DEPARTMENT OF TR&YSF’ORT 
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PERMIT FOR EQUNALIl\CT L“ 
OF SAFETY No. SU 431 0 
K-G PACKAGING, A DIVISION OF 
CCL INDUSTRIES INC. 

PERMLS DE NNEAU EQUIVALENT 
DE SECURIG No SU 431 0 
K-G PACKAGING, UNE DNlSlON DE 
CCL INDUSTRIES INC. 

APPENDIX A 

CONDmONS 
This Permit for Equivalent Level of Safety 
authorizes K-G Packaging, a Division of CCL 
Industries Inc. to sell, offer for sale, distribute 
or deliver in Canada, and authorizes any person 
to handle, offer for transport, or transport in 
Canada, by road or railway vehicle, dangerous 
goods that are Aerosols, flammable, Class 2.1, 
UN1950 as consumer commodities in a manner 
that does not comply with the provisions that 
relate to the inner packaging set out in Schedule 
VIII, Part I, Note 3 of the Transportation of 
Dangerous Goods Regulations, if 

(a) each inner packaging is a metal aerosol and is 
referred to in this permit as “aerosol”; 

Selection and Use 
(b) the aerosol is equipped with a pressure relief 

device; 

(c)  the interior of the aerosol is filled with a 
reticulate polyurethane foam which absorbs 
liquefied petroleum gas into its cell structure. 
The foam is capable of controlling and reducing 
the rate of depressurization in the event of 
container failure: 

(d) the aerosol contains liquefied petroleum gas, 
UN1075, and the filling density is in 
accordance with Table 5.3 of National 
Standard of Canada CAN/CSA-B340-M88, 
Selection and Use of Cylinders, Spheres, 
Tubes and Other Containers for the 
Transportation of Dangerous Goods, Class 2, 
dated December 1988 and amended January 
1992 and February 1993; 

(e) the contents of the aerosol are at an internal 
gauge pressure no greater than 1772 kPa at 
55°C: 

APPENDICE A 

CONDITION S 
Le present permis de niveau equivalent de 
securite autorise K-G Packaging, une division de 
CCL Industries Inc. a vendre, offrir en vente, 
livrer ou distribuer au Canada et autorise toute 
personne a manutentionner, demander le 
transport, ou transporter au Canada par vehicule 
routier ou ferroviaire, des marchandises 
dangereuses qui sont des Aerosols, inflammables, 
classe 2.1, UN19.50, au titre de bien de 
consommation, d’une maniere qui n’est pas 
conforme aux dispositions relatives a I’emballage 
interieur prescrites a I’annexe V!ll, partie I, 
note 3, du Reglement sur le transport des 
marchandises dangereuses, si : 

a) chaque emballage interieur est constitue d’un 
aerosol en metal, designe dans le present 
permis comme <*aerosol-; 

La selection et I’utilisation 
b) I’aerosol est equip4 d’un dispositif de securite; 

c)  I’interieur de I’aerosol est rempli de mousse 
polyurethane reticulee dont la structure 
cellulaire absorbe le gaz de petrole liquefie. La 
mousse peut contrder et reduire le taux de 
depressurisation en cas de la defaillance du 
recipient; 

d) I’aerosol contient du gaz de petrole liquefie, 
UN1075, dont la densite de remplissage est. 
conforme a la table 5.3 de la Norme nationale 
du Canada CAN/CSA-B340-M88 intitulke 
SQlection et utilisation des bouteilles, tubes et 
autres rkipients pour le transport des 
marchandises dangereuses, classe 2, publiee 
en juillet 1990, puis modifiee en janvier 1992 
et en fevrier 1993; 

- 

e) le contenu de I’aerosol sa situe a une pression 
manometrique interieure ne depassant pas 
1772 kPa a 55°C; 



PERMrT FOR EQUIVALENT LNU. 
OF SAFETY No. SU 431 0 
K-G PACKAGING, A DIVISION OF 
CCL INDUSTRIES INC. 

PERMIS DE NNEAU EQUNALEKT 
DE SECURIe No SU 4310 
K-G PACKAGING, UNE DIVISION DE 
CCL INDUSTRIES INC. 

APPENDIX A (continued) 

W N D I T " S  

Manufac tu re  

subject to paragraphs (9) to (s), each 
aerosol is in compliance with specification 
TC-2Q in National Standard of Canada 
C A N/ C G S B - 4 3.1 23 - M8 6, Containers, Me tal, 
Aerosol (TC-ZP, TC-ZO), published April 
1986, cited in the rest of this permit as 
National Standard of Canada CAN/CGSB- 
43.1 23-M86;. 

the aerosol is in compliance with the permit 
holder's drawings numbered SKE-84-101 -A 
dated October 12,1984 and revised on 
August 18,1985, and LP-02-143 dated 
April 7,1992, filed with the Director, 
Regulatory Affairs Branch, Transport 
Dangerous Goods Directorate, Transport 
Canada on April 21,1993; 

the aerosol has a maximum rated capacity of 
522 cm3 and a maximum inside diameter of 
66 mm: 

the aerosol has a minimum wall thickness of 
0.22 mm; 

the aerosol has a pressure relief device, 
clause 3.3 of National Standard of Canada 
CAN/CGSE-43,123-M86 regarding closures 
does not apply, and the pressure relief 
device is a localized area of the bottom of 
the aerosol designed to fail at a minimum 
gauge pressure of 2.17 MPa and a maximum 
gauge pressure of 3.31 MPa; 

APPENDIX A (suite) 

CONOmONS 

La fabricatlon 

f ) sous reserve des alineas g) a s), chacun des 
aerosols est conforme B la spkification TC-2Q 
de la Norme nationale du Canada CAN/ONGC- 
43.123-M86 intitulee Recipients aerosol 
metalliques (TC-ZP, TC-ZO), publiee en avrii 
1986, ci-apres denommee la Norme nationale 
du Canada CAN/ONGC-43.123-M86; 

g) I'aerosol est conforme aux dessins nos SKE-84- 
101-A, en date du 12 octobre 1984 et revise 
le 18 aoirt 1985, et LP-02-143 date du 
7 avril 1992 et remis par le detenteur au 
Directeur, Direction des affaires 
reglementaires, Direction generale du 
transport des marchandises dangereuses, 
Transpons Canada le 21 avril 1993; ' 

h )  la contenance nominale de I'aerosol ne doit pas 
depasser 522 cm3 et le diametre interieur ne 
doit pas depasser 66 mm; 

i )  I'epaisseur minimum de la paroi de I'aerosol 
atteint 0,22mm; 

j ) I'aerosol est muni d'un dispositif de securite, 
I'article 3.3 de la Norme nationale du Canada 
CAN/ONGC 43.1 23-M86 visant les dispositifs 
de fermeture ne s'applique pas, et le dispositif 
de securite est situe P un-endroit bien localise 
au fond du recipient, conqu pour se rompre P 
une pression manometrique minimum de 2,17 
MPa et B une pression mar;ometrique maximum 
de 3,37 MPa; . 



PERMIT FOR EQUIVALENT LEVEL 
OFSAFEP/No. SU 4310 
K-G PACKAGING, A DIVISION OF 
CCL INDUSTRIES INC. 

PERMIS DE NNEAU EQUIVALENT 
DE SECURIS No SU 431 0 
K G  PACKAGING, UNE DIVISION DE 
CCL INDUSTRIES INC. 

APPENDIX A (continued) 

_CONDITIONS 

(k) the aerosol has a seamless cylindrical body 
with the bottom attached by means of a 
circumferential double mechanical seam: 

(I) notwithstanding clause 4.1 of National 
Standard of Canada CANJCGSB- 
43.1 23-M86 regarding sampling, the 
interior pressure test described in clauses 
3.5 and 4.2.1 of National Standard of Canada 
CAN/CGSB-43.123-M86 is performed on 
one completed aerosol assembly, without the 
pressure relief device, from the first 
contc,iners produced in each lot plus one (1) 
container from each 1000 successively 
produced containers within the lot. All 
containers produced per shift (not exceeding 
10 hours) are counted as one lot. The rate of 
pressurization does not exceed 1.7 MPa per 
minute. The entire lot is rejected when 

( i )  failure occurs below an interior 
gauge pressure of 4.13 MPa; 

( i i )  failure initiates in a mechanical 
seam; or 

( i i i )  failure occurs other than 
longitudinally oriented in the 
cylindrical portion of the aerosol; 

APPENDIX A (suite) 

CONDMONS 

k )  I'aerosol est constitue d'une 2me cylindrique 
sans couture dont le fonds est serti en deux 
passes sur toute sa circonference; 

I)  malgre I'article 4.1 de la Norme nationale du 
Canada CAN/ONGC-43.123-M86 concernant 
I'echantillonnage, I'essai de pression 
interieure decrit a I'article 3.5 et 4.2.1 de 
cette m6me norme, est realise sur un aerosol 
complet, le dispositif de securite en moins, 
s'agit du premier contenant preleve dans 
chaque lot. L'essai est aussi realise sur un 
contenant faisant partie de chaque groupe de 
1000 contenants produits successivement dans 
un lot. Tous les aerosols fabriques au cours 
d'un m6me quart de travail (ne depassant pas 
dix heures) sont consideres comme faisant 
partie d'un m6me lot. Le taux de jxessurisation 
ne doit pas depasser 1.7 MPa a la minute. I1 y a 
rejet du lot entier lorsque la defaillance: 

i )  se produit a une pression 
manometrique interieur 
inferieure A 4,13 MPa; 

i i )  se situe au niveau des joints 
sertis; ou 

i i i )  se produit autrement que 
longitudinalement sur la partie 
cylindrique de I ' aemt ; ' .  
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APPENDIX A (continued) 

CQNDmONS 

the yield strength of the completed aerosol 
wall is measured in accordance with either 
the "offset" method or the "extension 
under load" method described in ASTM 
Standard E8-93, Standard Tesr Methods for 
Tension Testing of Metallic Materials, 
published April 1993, for at least one 
container produced per hour or one container 
from each 5000 successively produced 
containers, whichever comes first, in order 
to verify that the calculated wall stress at a 
minimum gauge pressure of 2.07 MPa does 
not exceed the yield strength of the 
material: 

the pressure relief device operation is 
verified on at least one container per lot, 
subjecting the test container to aerostatic 
pressure increasing at a rate not exceeding 
1.7 MPa per minute, and the ac!ual opening 
pressure is documented.The entire lot is 
re,iected if the pressure relief device fails to 
function between 2.17 MPa and 3.31 MPa; 

the pressure relief device is capable of 
preventing the rupture of a normally filled 
aerosol when subjected to a fire test 
conducted in accordance with CGA Pamphlet 
C-14-1992, Procedures for Testing of DOT 
Cylinder Pressure Relief Device Systems, 
published by the Compressed Gas 
Association, Incorporated, dated 1992; 

APPENDICE A (suite) 

CONDITIONS 

m) la limite d'elasticite du I'aerosol fini est 
determinee soit par la methode de la limite 
conventionnelle d'elasticite, soit par la 
methode de mesure d'allongement sous charge 
donnee decrite dans la Norme E8-93 de 
I'ASTM intitulee Standard Test Methods for 
Tension Testing of Metallic Materials, publiee 
en avril 1993, visant au moins un recipient 
prcduit par heure ou un recipient de chaque 
groupe de 5000 recipients produits 
successivement, selon la premiere des deux 
eventualites, afin de verifier que I'intensite 
calculee des contraintes imposees a la paroi, 
a une pression manometrique minimum de 
2.07 MPa, ne depasse pas la limite 
d'elasticite du materiau: 

n )  la verification du fonctionnement du dispositif 
de &curite s'effectue sur au moins un 
rkipient par lot. Celui-ci est alors soumis a 
une pression aerostatique progessive 
n'excedant pas 1,7 MPa ti la minute. On 
inscn'ra d'ailleurs la pression a laquelle le 
dispositif de securite s'ouvre. I I  y aura rejet 
de tout le lot si le dispositif de securite ne 
fonctionne pas A une pression manometrique 
situ& entre 2,17 MPa et 3,31 MPa; 

0) le dispositif de securite peut prevenir toute 
rupture d'un aerosol, normalement rempli, 
soumis k un essai de resistance au feu realise 
conformement a la brochure C-14-1992 de la 
CGA, intitulee Procedures for Testing of DOT 
Cylinder Pressure Relief Device Systems, 
pubti& en 1992 par la Compressed Gas 
Association Incorporated; 
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PERMIS DE NlVEAU EQUIVALENT 
DE S&XIRITf. No SU 431 0 
K G  PACKAGING, UNE DIVISION DE 
CCL INDUSTRIES INC. 

APPENDIX A (continued) 

CONDmONS 

APPENDICE A (suite) 

coNornc+q 

(p) in addition to the testing of filled aerosols 
required by Schedule VIII. Part I ,  Note 5 of 
the Transportation of Dangerous Goods 
Regulations, each aerosol is tested 
pneumatically before filling to a minimum 
gauge pressure of 2.07 MPa for at least 30 
seconds and leak tested by submerging in 
water or by an other equivalent method. 
Aerosols that leak or give evidence of 
disiortion are rejected: 

(9) the permit holder provides once per calendar 
year, a summary of the aerosol 
manufacturing and performance experience 
to the Director, Regulatory Affairs Branch, 
Transport Dangerous Goods Directorate, 
Transport Canada that includes the resuits of 
an audit inspection of the manufacturer's 
recards, verifying compliance to the terms 
of the permit. The audit is performed by an 
independent Inspector registered by the 
Direc!or for the inspection of Specification 
TC-39M cylinders, under clause 25.4 of 
National Standard of Canada CAN/CSA-8339- 
88, Cylinders, Spheres, and Tubes for the 
Transportation of Dangerous Goods, dated 
February 1988 and amended January 1992 
and February 1993; 

p)en plus des essais realises sur des aerosols 
remplis, coniormement a I'annexe VI  11, partie 
I, note 5, du Reglement sur le transport des 
marchandises dangereuses, chacun des aerosol 
subit un essai pneumatique avant remplissage a 
une pression manometrique minimum de 2.07 
MPa pendant au moins trente secondes, en plus 
de faire I'objet d'un essai d'etancheite en le 
submergeant dans I'eau, ou toute autre 
methode equivalente. Les aerosols qui fuient ou 
qui montrent des signes de deformation sont 
rejetes; 

q)le detenteur du permis soumet un rapport au 
Directeur, Direction des affaires 
reglementaires. Direction generale du 
transport des marchandises dangereuses, 
Transports Canada, une fois par annee civile 
dans lequel it inclut un resume des operations 
de fabrication et de rendement des aerosols. Le 
rapport comprend les resultats de la 
verification des dossiers du fabricant et  du 
respect des dispositions du permis. Cette 
verification est realise par un inspecteur 
independant inscrit aupres du Directeur et 
charge de I'inspection des bouteilles B gaz de 
specification TC-39M, en vertu de I'article 
25.4 de  la Norme nationale du Canada CAN/CSA- 
8339-88 intitule Bouteilles er tubes pour le 
transport d e s  marchandises dangereuses, 
publiee en mars 1989, puk'mdif6e en janvier 
1992 et en fevrier 1993; 
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APPENDIX A (conclusion) 

"llTlO"cxJ 

APPENDICE A (fin) 

CONDITIONS 

in addition to the marking requirements of 
clause 3.6 of National Standard of Canada 
CAN/CGSB-43.123-M86, each aerosol is CAN/ONGC-43.123-M86, chacun des aerosols 
marked with the letters 'NRC" 
( no n - re us a b I e con t ai ne r) ; and 

r ) en plus des exigences de marquage decrites a 
I'articte 3.6 de la Norme nationale du Canada 

porte les lettres -NRC>. (recipient non 
reutilisable); 

the Transport Canada specification number 
marked on each aerosol is 

s) le  numero de sp4cification de Transports 
Canada inscrit sur chacun des aerosols est 

TC-SU 4310 TC-SU 4310 

R ESTRl CTlONS R ESTRl CTlO N S 

issuance of this Permit for Equivalent Level Le present permis de niveau equivalent de 
of Safety in no way reduces the permit holder's 
responsibility to comply with any other 
requirements of the Transpoflation of Dangerous 
Goods Regulations not specifically addressed in 
this permit. citees. 

securite n'exempte en aucune f q o n  le detenteur 
de I'observation des autres exigences du 
Reglement sur le transport des marchandises 
dangereuses qui n'y son! pas explicitement 



U(PIANAT0RY NOTE - NOTE EX PLICATIVE 

ISSUED TO - DELIVRE A :  CONTACT - PERSONNE-RESSOURCE : 

K-G Packaging, a Division of/ Mr. Frank Chau, Ph.D. 
une  div is ion de, CCL industr ies Inc. Technical Director 

8001 Keele Street 
P.O. Box 89 
Concord, Ontario 
L4K 182 

TELEPHONE - TELEPHONE: (905) 669-9855 
FACSIMILE - TELE COPIEUR: (905) 669-6184 

PERMIT CONCERN 

This Permit for Equivalent Level of Safety 
authorizes the manufacture and use of TC-2Q 
type aerosols for the transportation of liquefied 
petroleum gas as a consumer commodity at 
internal gauge pressures greater than those 
specified in the Transpoflation of Dangerous 
Goods Regulations. Each metal aerosol is equipped 
with a pressure relief device and is also filled 
with a reticulate polyurethane foam which 
absorbs the liquefied petroleum gas. The applicant 
demonstrated that when manufactured under the 
conditions stipulated herein, the aerosols could be 
used with equivalent safety. 

LE PERMIS CONCERNE 

Le present permis de niveau equivalent de 
securite autorise la fabrication et I'utilisation 
des aerosols TC-2Q pour le transport du gaz de 
petrole liquefie, au titre de bien de 
consommation, a une pression manometrique 
interieure superieure a celle prescrite par le 
Reglement sur le transport des marchandises 
dangereuses. Chaque aerosol en metal est muni 
d'un dispositif de securite. II est egalement 
rempli de mousse polyurethane reticulee dont la 
structure cellulaire absorbe le gaz de p6trole 
liquefie. Le requerant a demontre que lorsque les 
aerosols sont fabriques conformement aux 
conditions enumerees aux presentes, ceux-ci 
peuvent &e utilises avec un n k e "  Bquivalent de 
secu rite. 

- 



'RECTICULATED - _  POLYURETHANE 

of? Y q W i L E N r  

TOP VIEW 
w /  PERSPECTIVE 

APPENDIX I 

3 / 8 / 9 3  
DRAWING NO 

SIDE €LEVATON 
w/P€RSPECTIVE I 

\ - 

I 

FIL 100 



APPENDIX I 

RECTICULATED - _  POLYURETHANE 

og uf&?LENr" 

TOP VIEW 
w/ PERSPECTIVE 

SIDE €LEVATION 
w/  PERSPECT 1 V E 

3 / 8 / 9 3  
DRAWING NO F I L  1 0 0  

6x" I 
I 

r 


	INTRODUCTION
	DEFINITIONS
	TYPES OF SAFETY PRESSURE DEVICES
	PRESSURE RELIEF DEVICES
	FOR PRESSURE RELIEF DEVICES

	TESTS
	IDENTIFICATION
	RELIEF DEVICES
	REFERENCES
	TABLE 1 TYPES OF PRESSURE RELIEF DEVICES
	CLASSIFICATION

